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dlacGEE tael abakedsbyntihedencoder as an |ntrafrane
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encoding is used to conpress the frame. A predicted
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setting at consecutive moments in time. The second frame of a
scene shows the same setting as the first frame, slightly
further in the future. MPEG standards take advantage of that
repetition of information using what is known as temporal
encoding. In accordance with an MPEG video compregsion
standard, such as MPEG2, the encoder divides a video stream
into sets of related pictures, known as groups of pictures
(GOPg) . BEach frame within a GOP is labeled by the encoder as
an intraframe, a predicted frame or a bi-directional frame.
An intraframe (I type frame) is encoded using only
information from within that frame. No temporal encoding is
used to compress the frame. A predicted (P type) frame is
encoded using information from within the frame and uses an
earlier I frame or P frame as a reference for temporal
compression. I and P frames are referred to as anchor frames.

A bi-directional (B type) frame is encoded using information



conpression. | and P franmes are referred to as anchor

frames. A bi-directional (B type) frane is encoded
wa@igiags416% or mat i on WO 2004/ 054158 PCT/ US2003/ OBO1/8820032039184

fromwithin the frame and can al so use i nformati on
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Interpret such a 'bit streamrto arrive at t i Nt ended
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[dB%%]NPEGI%F%%g%r%%n%%nggghal implementation of MPEG2, the
standard GOP is closed, i.e. it does not make any
predictions based on frames outside of the GOP.
[0006] A video stream is further sub-divided in MPEG
standards by defining a frame as being made up of a series of
macro-blocks (MBs). A macro-block contains all the
information required to display an area of the picture
representing 16x16 luminance pixels.
[0007] MPEG2 and H.264 specify the syntax of a valid bit
stream and the ways in which a decoder must interpret such a
bit stream to arrive at the intended output, the output being
uncompressed digital video. The MPEG standards do not,
however, specify an encoder. An encoder is defined as any
device, hardware or software, capable of outputting a bit
stream that will produce the desired output when input to an

MPEG compliant decoder.



however, specify an encoder. An encoder is defined as

any device, hardware or software, capabl e of
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out put when input to an MPEG conpliant decoder. WO
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application of an encoder, an’ unconpr essed vi deo
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[6%6galse %Fsgggdistic method of rate control would be to
assign a set number of bits to each picture, or frame, of the
video signal to be encoded. However this is not efficient, as
the number of bits used to encode every picture in the video
gstream must then be large enough to accommodate the most
complex frame possible, when in fact a simple frame, such as
a picture of a blue gky, will require fewer bits to encode
than a complex frame (a picture of cloudy sunrise at the
horizon). A measure of a picture’s complexity, prior to the
picture being encoded, allows the encoder to make a better
decision regarding how many bits should be used to encode the
picture. This method can be further improved if the encoder
has knowledge of the complexity of frames that it will be
encoding in the future. Consider a video stream that begins

showing a clear blue sky, and then pans down to show a



horizon). A neasure of a picture's conplexity, prior

to the picture being encoded, allows the encoder to
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be used to encode the picture. This nmethod can be

further inproved if the encoder has know edge of the

conplexity of franes that it W1l be encodi ng in the
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each MB is assigned a quantization scale factor (Mgquant) that
is used to modify quantization step size.

[0011] During the development of the MPEG2 standard it
became necessary to design a generic rate control and
guantization methodology with which to test bit-stream
syntax, decoder designs and other aspects of the standard.
This methodology was known as the Test Model and it evolved
as the development of MPEG2 continued. The fifth and final
version of the model (TM-5) was produced with the freezing of
the MPEG2 standard. TM-5 is divided into three primary steps:
(a) target bit allocation; (b) rate control; and (c) adaptive

quantization.



synt ax, decoder designs and ot her aspects of the
standard. This net hodol ogy was known as the Test Model
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The fifth and final version of the nodel (TM5) was
produced with the freezing of . the MPE&Q standard.
TM5 is divided into three pr'cirmry steps: (a) target
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asquanti zation parameters for all MBs in each picture

(se bel o g [0013] In TM5, bit allocation for a
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spage, al Isceted for the GOP is renmmining, the type of

pi cture being encoded, and the conplexity statistics

of Fecent¥myQencoded pictures of the same type The
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[0013] In TM-5, bit allocation for a picture is targeted

based on how much of the bit space allocated for the GOP is
remaining, the type of picture being encoded, and the
complexity statistics of recently encoded pictures of the
same type. The target bit allocation is the number of bits

TM-5 anticipates will be necessary to encode the frame.

b) Rate Control

[0014] If there is a difference between the target bit
allocation (Biay) and the actual number of bits reguired to
encode a picture (Baet), than there is a risk of under or over
filling TM-5's virtual buffer. The virtual buffer tracks the
fullness of the decoder’s buffer on an MB by MB basis while a
picture is being encoded. Encoding all the MBs up to, but not
including, the jth MB should use a certain portion of the
total targeted bits. This portion is equal to Biar multiplied
by the number of MBs already encoded (j-1) and divided by the
total number of MBs in the picture (MB_cnt) . The number of

bits actually generated by encoding up to, but not including,



encode a picture (Bact), than there is a risk of under

or over filling TM5's virtual buffer. The virtua
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an MB by MB basis while a picture is being encoded.

Encoding all the MBs up to, but not including, the

jth MB should use a certain d%rtion of the total
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further nodul ated as a function of spatial activity
(actj). The macro-block is divided into four 8x8

c)sBaBkoGks pandrtibgrsspatial activity is neasured for
each sub-block. The smallest of the four measurenents

[0pd6f hen AbenmmbicredblNchctjipnagabhson thepagérages further
reviously encoded

ofRSLESh 3LVl Laxg aet ) of Lhe previousl . epcoger
macro-block is divided into four 8x8 sub-blocks and the
spatial activity is measured for each sub-block. The smallest
of the four measurements is then normalized (N_act;) against
the average spatial activity (avg act) of the previously
encoded picture. The minimum spatial activity measurement is
used because the quality of a macro-block is no better than
its sub-block of highest visible distortion.

N_acty = (2*acty + avg_act)/(acty + 2*avg act)
[0017] The product of a MB’s normalized spatial activity
and its reference quantization parameter gives the MB’s

quantization scale factor (Mgquanty) -
Mquanty = Qj*N_act;

Generally, the encoding algorithms recommended by newer

compression standards are more efficient, but they are



used because the quality of a macro-block is no better

than its sub-block of highest visible distortion.
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[0017] The product of a MB's normnalized spatia

activity and its reference quantization paramneter

gives the MB's quantization scale factor (Mjuantj):

udMiaR} jmcrd cdnh1acdt Leney ahplendd® eRGRd RGe fast growth

al gorithnms recomrended by newer conpression standards
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ol der vj deo codecs with newer ones. Another reason
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o%{eg %dﬁ%e gd' PR hs%ﬁerisc%m ERE! W:Ltdleg %&&ﬁqﬂ%" have

orithns, easi | econpr esse
alcrledseiy mgcs:on‘rﬁmme\serd W:Le;the thla o deadiadgicefiftihmiseneyrd snay
her e arls s the mx of both ol der and
R e by S, ATk Cracs MM Ere e e
1rg¢f tdo@ﬂ&i@ te AHIGQRNTHT QBB EARRIEES S YW LhiaRs ehdemixed use
codec at a new bit-rate that is |ower than the ol der

ofc beddr ednleactiingy @epigr Crelesane Vindeéomgualbptlycations it is
déEH%%&ﬁEJ%x¥%e-%Q%%b%l@'gﬁ%% C%@E%%ﬁ%'% m.& s%l NEM 3 an
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obtain higher compression efficiency a transcoder having
mixed codecs (an older decoder and a newer encoder) is used.
One good example is a transcoder that converts MPEG2
compressed video streams to H.264 compressed video streams.
[0018] It is recognized by the digital compression
industry that dual-pass encoding with a lookahead window
provides higher coding efficiency than single-pass encoding.
For the emerging, more sophisticated, compression
technologies, even single-pass encoding is expensive and the
cost of dual-pass encoding is much higher than that of
single-pass encoding. Using two sgophisticated codecs for
encoding/transcoding in a dual-pass architecture raises the
cost of the encoder/transcoder by almost an order of

magnitude over the older technology codecs.



[0018] It is recognized by the digital conpression

i ndustry that dual -pass encoding with a | ookahead
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What is desired_is _the abilit¥‘to achi eve hi gher
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OF THE | NVENTI ON [ 0020] In accordance wth a first
thggpects gfrahiedddiveemstdiod tdferendaslipropvimkerksa afetdrod of

encodi ng franes, . of- an . unc ressed digital video
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o Metdgsl oy | saigl anaded b A disty fardmE 20 theFirst frame
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picture type as paranmeters. [0021] In accordance wi th
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there is a method of transcoding frames of a compressed
digital video stream, each frame being encoded according to a
first encoding algorithm and having a level of complexity,
said method comprising decoding a first frame of the
compressed digital video stream with a first decoding
algorithm to produce a decoded version of the first frame and
to measure a first value of the first frame’s complexity and
to determine the first frame’s picture type, estimating a
second value of the first frame’s complexity using the first
value as a parameter, and encoding the decoded version of the
first frame with a distinct second encoding algorithm
employing the second value of the first frame’s complexity
and the first frame'’s picture type as parameters.

[0022] In accordance with a third aspect of the invention
there is an apparatus for encod&ng an uncompressed digital

video input stream composed of a succession of frames, each



conpressed digital video streamwth a first decoding
algorithmto produce a decoded version of the first

wo e@amesasl to neasure a first value of the fiPGI/US2003/039184
frane's conplexity and to determne the first frane's
picture type, estimating a second value of the first
frame's conplexity using the first value as a

£ RefaTRieng antleneoding dherdacoded  waris on Qo dNf g
first frame with a distinct second encodi ng al gorithm
ERausbiilhg S SERTR e ROTBI Itshad iaTstexftamgd ison means for

comlexit f | f ' j gtyre _type as
* par ar%e%%%ert}sﬁe ?%lgczéz IlrﬁJ r{alzjzzforfrdancessvfllﬁgt ﬁCh% t r}c?/do paléepsesc(atd
digfittele vinlentirgut tdteremn srah eapianatis o @imacedtipd to
e I S s i
ofPGITAISRROH0IFB4 n i f ramR Ay & Rldwidld Y Ofcryre type

characteristics associated therewth, said apparatus
Lo s ifsiang ak eelsac tegmandamrs fegre i viggeithiengudiession of

cessd of. frames _of the unc ressed, . diqital .
fr\s;allllr?eso Olsfn(pylhe s]tnlpélam%ﬁ: aénnﬁlnoyiorﬁlggéltfe%p& S %&@“{eog in
dedbty@idh Measivredalaltues frer thke flawed idfy tofe input stream, a
haracteristics of a frame of the input streamand to
v FroF g MFReE st yo¢ SEORRY frhenicagugscay adeass gy the
11 Vi u [ fe T f . the inp :
PUSIECS0g O MUISERD OB, e, WA okl S0l eppocins
meegisatfiore negative nor andgsapfe threni mpet deflegameaas waldiencoding

st or age ns for storing the measured val.ues and the
tHE B 1 YRS SRR PSR R (gl A SRERAS Veak@ an measured

vaR@O @G edBaNs heOkraleeeistioRdge eamd froemabiesdel’y the
.means and encoding the franme, the encodi ng neans

SiEE RG ESpeRsiore yeasieas dfedhevdiraaest ored in the
[0\b3lye St@%a%%c%§@%§c%0%F@%J%SEF%%E%?%Fﬁébéeo%ft%%einvention

encoded version of the frane. accordance

thaireh is Pourppaaspest fofr thenisnwvddhibon cbheresisedadigital

.appar.atus for transcodi ng a_conpressed digital video
Vl&?ﬁutm?tl&eg r@8%8§@805F%a0§u8‘c@%F&ﬁsépneﬁgoﬁél&Oded

£rbfRRES eae@Cknenceded rhmanBahanyng 1pkdnakit ¥ rof
characteristics associated therewith, said apparatus
comprising a decoding means for receiving the succession of
encoded frames of the compressed digital video input stream
and employing a first method to obtain a succession of
decoded frames and measured values for the plurality of
characteristics of a decoded frame and to assign a picture
type to the decoded frame, a delay means for receiving the
succession of decoded frames of the input stream and
outputting the decoded frames in delayed fashion relative to
the encoded frames of the input stream, a value storage means
for storing the measured values and the picture type of a
decoded frame in the delay means, and an encoding means for
receiving a decoded frame from the delay means and encoding

the frame, the encoding means being responsive to a measured



characteristics associated therewith, said apparatus

conprising a decodi ng neans for receiving the
wameesason of encoded frames of the conpressPdI/US2003/039184

digital video input stream and enploying a first

method to obtain a succession of decoded frames and

measured val ues for the plurdfity of characteristics
vadfued deseded f rare andd &tasei@n naRisClirdhe a Y RE it the

t he decoded frane, a delay neans for receiving the
siggc s dihen egicodedo ved sticames  ¢het Heraimgput st ream and

tRuUt ti th ecoded f s_in lLayed fashion .
[O?)elﬁl/iﬁ 'lt%oe o%lmen% eo(f %r@?:\e resg%tthy(_eLrJ,ven%tloggt ngaor\ﬁldaes

tive € “encod §$0 i npu

ratdl WSrHrelage teangidteireSbelsiddy 1ohe afeasurac vl ues
and the picture type of a decoded frane in the delay
ENFOSIRT S /FAETEF CEIFEEd Ry 1ga e Xesr COfecs Vitng &uddcoded
nhof_’f'é% i &l Jeans-cand rencodi ng, f%dg%
Ct e eﬁ%%gﬁﬁgﬁﬁ%ghgﬁ%éing rggpongive to gckggggre ﬁB the
12004 M55 & 1IBEELUS20 63/089184 s etid Widlewe ssgoredd igtathetics

val ue stor means for adjusting the .size of the
aTg ESHETFARSES Pan UorEhe Frald e COURAT SR} CBbsaioRsT tor
prAdER Y @3RN taRM@REICRN ARV itdeS coimphe seedt kaldew thahal; and

~ picture-based | ookahead w ndow for '
1re g¢o @EICPeran db6der §hisavinmy tniviieg¢oc 6depsli A saan
= re id rchistec e, .
e R R BRSSP et B gbeea by using
a cdmprles sethprieded osi gnalodest abl sknesater ehexistattied il from
usi ng a sinple cqonpressi on_decoder to _produce the
Eh&t FICAPES SEEEMVERE Oc SrtFPédsed vitd@SsitGRarT dfd calrulated

FAN £Lreeden: Yhere thedsrRubny ideQ ish@nali ct$@% in a sliding
unconpr essed video signal, statistics are extracted by
“pasit{g wiadownpioe prediicds $hen conpdger tyo ofe idicatcalrivies t

Sstatistics from_ the unconpressed _vi.deo.signal .. A .
P1REERE 1 ABBor PUS AR At 0 0P &2Cdrs St SF By SompLexity

mel3@se @ s0fopf @vieOWs mpilet Woea®re’sdosl sdbngardpastsua rdow

to predict the conplexity of the current ©picture, the
SOPPAREICACESr CREPHG S8 1PR P59 ag obaPiESnpPrexitip current
pilRASY &5l @hehN13MRLEC PAREESSHOR LSt 2BIANLMRLSYE Future

pictures in the lookahead or “future” window. If future
pictures are difficult to encode, then less bits are
allocated to the current picture, and vice versa. This is
effective for a scene change. Because the lockahead window
takes into account the statistics of future pictures, i.e.,
pictures that have not yet been compressed according to the
sophisticated compression standard, a more reasonable bit
allocation and better quality is achieved. After encoding
the current picture according to the sophisticated
compression standard, the actual bits, the picture complexity
and the trans-factor for the encoded picture are updated as
the past and lookahead windows are shifted by one picture,
i.e., the encoded picture moves into the past window and out
of the lookahead window as a new picture is loaded into the

lookahead window.



sophi sticated conpression standard. Bits for the

current picture are then all ocated based on the
weeplensg y of future pictures in the | ookaherr/v82003/039184

"future”™ window |If future pictures are difficult to

encode, then less bits are allocated to the current

picture, and vice versa. Thidlis effective for a

[cxHIe change oHfecaise dhaderjahead Wndowy, i esddtifes of

account the statistics of future pictures, i. _
thsi amasent Haveardiometrey eprsemmtc dmore $ded faddeavdingg

t.q .t.h ophi.sti.cat ed conpression standar.d, a .nor
A SRR T 5 ST GRoind b erPe i g Ehe
appeiiRe dl Anfemrneediatted gatnoent picture

according to the sophisticated conpression standard,

the actual bits, the picture conplexity and the

tr%R&EEaBEQSRFQﬁ%bﬁeo§”§ﬁ§e§E9Eﬁhﬂr€ﬁ§?§ g?d%h%dDﬁiWINGs
t he past an ookahead w ndows are shitted by one
[o92&]ur e, Fiig.el, itthe dicodedipigcenr sispves iantdmalheass

B S AT LSRR o
wiz004/ Q3458 PEHLE2AQ3R3E3A wiklich0B2ebrEiePLRIL S

advant ages and ot her novel features of the present
PreREEY Lo eatd capparent fromthe following detailed

0PBSA4r i pt i en read-i neki i th
[ appendedEggéw%sqgn g?fﬁ%%@%kgrgkfﬁgéw RFEE% control
2 1DESGRIRT HON PR 1 FHE tSEVERADYSEWS OB vEHE 1DRAW NGS

6] Fig. 1.i bl ock di agram, vi ew_of a dual - pass
“%%%ﬁdérl?ﬁ&hs@ggéfaaFg%FF@ e ViRYl efertihdoratd 191ng

wiG@hisOl ccWrbi ng RicCtticephasedt! 9pkanead wi ndow _
according to the present invention. [0027] Fig. 2 is

a flow chart view of a rate control algorithm .

2coor 0, T SR B P gy 3 2
[ooaolhe pregentt idvestianesDERAELREDIBEFERERE-QNeF hiEng a
si%p ENZg%gression decoder 12 for receiving and decoding a
compressed video stream encoded according to a simple
compression standard, such as MPEG2, to produce an
uncompressed video signal and related statistics.
Alternatively a simple compression encoder 14 receivesg an
uncompressed video stream to generate related statistics.
The statistics are input to a lookahead window module 18 for
processing by a rate control algorithm, described below,
while the uncompressed video signal in either configuration
(transcoder or encoder) is input to a storage and delay
module 16. The storage and delay module is a buffer memory
that receives, delays and outputs the uncompressed video
stream. The lookahead window module contains the statistics
for each picture in the storage and delay module 16, for
example, the number of bits for the picture, the picture type
and the average quantization step size over all the macro-

blocks for the picture. The lookahead window module 18



[0029] Fig. 1 illustrates an encoder/transcoder having

a sinple conpression decoder 12 for receiving and
waelemans4igs a conpressed vi deo stream encoded apCDUS1003/039184

to a sinple conpression standard, such as MPEQ, to

produce an unconpressed video signal and rel ated

statistics. Alternatively aldinple conpression

genedess by egaioms idth dueomyRs el \Wideo Str&amdo yge by
generate related statistics. The statistics are input

a (IPRP Y et et GATHRIGH Sisdulscrglero 24 Ipﬁé@éﬁiﬁw@mﬁd 64
| ' bel ow, [ t he
erf@d‘oefc,orltrf %&%I%gg{lé%nﬁaaﬁeesgérﬁ:%l %Io%wthe s!%gef&isn:elcated

unconpr esse I n elthér configura
er{dadanst goerceds ermicderonayyd rpid ded a8/ Srtdﬂtﬂ@[ dttbensates

del nodul e 16. The storage and.delay nodule is a
Eqhut o LA Tt bis L GRS bR 18 o
G es5%ed Mifed i Igam. The | ookahead w ndow

nodul e contains the statistics for each picture in

LGOIt or de &ed adeldaypnssdEinesEed fdidece xdmslae; frven tcll’le
r _of; byt icture, the. picture type and
Setahe avg?lgg?e&% n?[l{oza Feoﬂsgtlg’;) EPYE §Tef At e it
fillteok20f ao theduicet ur €11 He ddakakepd caisedo W iR |2 rEin.
VO 2804/054158 PCT/ US2003/ 039184 12 generates bit
Thyg | Toffedat® fr dmvtiesst dtilderc $hpdr aidemptes high
xRSt Rk e es$hRN 4 el o2fe S . 264
° enc%&ef, in%hé§g¥ﬁfhi§§g$§$%%%%ntsé e?%r%gﬁg%wa%h%
urnsgpipirseisest od deencodisrg pmdcedsis Feeveisotage bdnd "delhay
nodul e caonpensates, for the %j%e.reguired,for t he
UG ORARERS W %@Wlﬁ&ﬁﬁ%@ P8 83 gdherst €35 allCoCaMPERSS /
i.@atais 0030 cthpldel ayed seneempressedWeded ity @¥3Meompress .
fromthe storage and delay nodule 16 is input to an
Thedgsepgthy €f et &d 12eriegpredudersnfl Prepedhreshold or

nee i real fiht

o SR} S0 ST, TSl SEREAE Bomponers

arfer eqtencipésdi antheni whgesiegepeesenad chy htib® spatial
nconpr.essed video stream and thus serves to "blur"

fr%ﬁgenﬁﬁggnﬁngg 356 %tream so that it is easier to

[0@BNPr €eSSBoth the delayed uncompressed video stream from the
storage and delay module 16 and the filtered, uncompressed
video stream are input to a switch 22 which selects one of
the streams. The selected uncompressed video stream from the
switch 22 and the bit allocation data from the look ahead
window module 18 are input to the sophisticated compression
encoder 24 to produce a compressed video stream according to
a sophisticated compressed video standard, such as H.264
(MPEG4, Part 10). The sophisticated compression encoder 24
also provides a control signal to the adaptive pre-filter 20
and to the switch 22 that determines the “strength” of the
filtering and which uncompressed video stream is to be
encoded. The strength of the filtering may be implemented as
different filtering levels or may be continuous. The
adaptive pre-filter 20 may be switched off or set to a low

strength for minimum filtering when the filtered uncompressed



i.e., Is less conplex and so requires fewer bits to
conpress. The strength of the filtering my depend on
w@2aohoeabol d or cut-off frequency above whi chpGpuE$1083/039184
frequency conponents are attenuated and on the degree

to which high spatial frequencies are attenuated.
[0031] Both the del ayed uncongressed video stream from

vide stesage angoeelaye syl £ 16 anshiihe £ lgLe

d,
unconpressed video streamare input to a’'swtch 22
SQPH-E¥E st erd sconprefsiemeenaodeins?4 The sel ect ed

re j deo. s fromthe, .swtch d, t he
[gl % ElaI I oi%fid%%irgit% %@%‘% he' %%?(r/a ead < Wi o:gynjord%reead of
a 1Sopti st Iyt ed ceidedsopid sddentad woapigsst Onchencoder
.24 to produce a conpressed video stream according to

1180 S 1§ £t P Lot 5P dBlPSR diidrpt sukhp agingle-pass
s%@@ticﬁ%@cof@é! ]igcgwe\;ré]ﬁe tﬁ%:&iﬁf%ﬁ%%fowr@%f&ity

encoder 24 also provides a cont to the
estdaptt ven pfer fpl¢ewred imrthe o adimlsed oii2Pow havdule 18 is
eterm nes the "strength"_of the filtering and whjch
A T TRty | U ST o T o b £ Ui PO L Cated
calgengifoofeddeddit |4r i bk lidplLenentgsk asicture needs
different filtering |evels or may be continuous. The

higta i e pre-For teet Do g sAl ixhdd: of fmwle s@IPEQR Ja

; = fi . o i o
U S B SN 0 Do B BT BRI sy B bure
was descctderhnuisi mptl et te et ety drofo ehaodhimg thiyod heime.  On the
ophi.sti cated conpressi on encoder .24. [003 By usi ng
o §RB S P e SO eoS P Seaer 2 L0 B BN <o
tio st pat et ancaderd decadesaat. t hied il .t HNe deficiency,
i npl enentation cost is reduced close to that of a
a stqigleelaidss &l stiateindetddy Mot iidre can be made,

' r et i com it estimati.on.fo ictures, in
xx%%%Pf%g%%ﬁg% vﬁréﬁ%éﬁ%xﬁh%a%ﬂ?qﬁftﬁﬁﬁt%§gééwgfﬁﬁﬁ§on
stdasidarett | nfor neddtorcdys the isorestdrcal ef-olgora esidQlres

oder 24. For. exanple, a P-type pjcture needs high

(G- v figt ot on ConprEieatli G a4 sl fawpeidy simple

compression standard is also relatively complicated/simple
for the sophisticated compression encoder 24. The complexity
statistics still indicate important relationships among
pictures and macro-blocks (MBs), with the error being
tolerable. Therefore compared to single-pass sophisticated
coding, the pseudo dual-pass sophisticated coding is superior
in video coding efficiency with only a slightly higher
implementation cost.
[0033] The statistics of picture complexity are used for:

~ estimation of a bit-rate target and selection of
gquantizer step sizes of macro-blocks for a current picture
before second pass encoding; and

- control of the strength of the adaptive pre-filter 20
for a current GOP which includes the current picture before

second pass encoding.



conpression encoding if its correspondi ng original
picture was recorded during light off/on/off

wao canss41son time. On the other hand this P-tyPer/us2003/039184
picture may be a sinple picture for the sophisticated
(H. 264) encoder. Despite this deficiency, a
correlation of picture conplefity estimation can be

[oosle, based pavrdot heibe,sidml &anst sophi std cated 5.

conpreSS|on standards. In nost cases a picture or a
ool lof mcct@nl@ste(W)bxmallcs:ateicauupmwlded to the

d r e ,Si SSI on
%&g}% arjgéﬁsérz Cgr(gélree%g’t |%/ﬁ] cto@rrep i ca? ed]I Tt el o7
pédhfosenid s td £ at lesl @ﬁ&ﬁﬂéﬁ%ﬂﬁﬁhéﬁﬁdﬁkﬂ Pderdi®re the storage
lexity _statistics still_indicate inportant
ar&%r%%%srm PelanbhFEPiet WEL dHE RGO eRed (Wmges. Each

1M§J‘ 3 18L r&{cﬁ'ﬁéf@ssé@lﬂﬂg estf@aﬁ-%%ﬂle dﬁ@%@@l}; Ye

singl e- pass sophi'sticated coding, e pseudo
enhialedpdss tﬁo@mmhmmmﬁlq@pmmlmeodw Viders an I,

P ol b o Gt To0FHe Fie BT | o of 9 urdiat 2

gﬁﬂiﬁ'&i@dr%pﬁ@sé@eﬁnig% will asd idrRddduy sts 8 Pidadd ®n the
target, and sel ection of ql uanti zer_ step sizes_ of
t

St??atc%%ﬁltﬁ%cﬂé”so‘fjdie% urtentl gskahasd Wetdsre bRl Idass

}géd]%?t% ve', p% t_Iter }goéhe?flr&gfecur rtg{r%[tqgC?Sd%I vé%{ée module 16 are

nétncnmeled hel tcurrlentbepi airrem ikefore weondtPadttese images
encodln WD 2004/054158 PCT/ US2003/ 039184 14 [0034]
rog%ﬁt%%cﬂ%ﬁ@%ﬁs Stts Smiey 1 igges stored by

tﬁéﬁﬂddﬂlé3163i%”ﬂ%ﬁf%é&“%?“ﬂhéﬂéﬂ%éﬂdﬂntﬁg(%@ﬂg¥¥téhd an
the conpression encoder 24, the better the video

ald{m\leid ynaxgerdno rdmlioe. ofA tmr@md@igtrkammmpondlng to at

Qéleé e d nmodul-e .16 tores
Lo i pg\fge uncomsaftr %glg% I}prlr% es- del?)a/lcﬁwlg Tifage Sfeted: For the

puﬂlﬁccméﬁsf essathid dmai:r;ﬁﬁmmn lit ulst Id@@déﬁl ttﬁhateft(}@%i:orage

e so hj sticated conpressi on encoder 24 as an |,
rﬁy(ﬂe ectju?réi S‘Iiﬁf@let‘%/ﬁé’ &P%aétmﬁé\lq |Stagmd(ﬁro'B)GOPs of

fﬂﬂﬁgénaplctures each.

[0035] The lookahead window module 18 sets a bit-rate
target for the current picture being encoded based on the
received statistics, which include picture types (I, P or B),
picture size (in bytes), and average quantizer step sizes at
picture levels.

[0036] The picture complexity in the sense of encoding is
not the same for the two different compression standards. A
P-type picture may be complicated and need high bit-rate for
motion compensation in MPEG2 encoding if its corresponding
original picture was recorded during flash light off/on/off
transition time. On the other hand this P-type picture may
be a simple picture to an H.264 encoder which is able to
select one out of up to six reference pictures for motion
prediction, and one of the references may be strongly

correlated with this P-type picture, as indicated above.



gi ven unconpressed i mge will be encoded as is based

on the statistics provided to the | ookahead w ndow
worawhsi138. Therefore, even though the i magesPGL/USMA3/039184

in the nodule 16 are not encoded, it wll be

convenient to refer to these images as I, P or B type

pi ctures. The nunber of inmagd8 stored by the nodule

ol |t edydon ddie & zeQfi dhe ey, And arget, the

al  owned maxi mum del ay. A storage | ength correspondl 'ng
sttaj::afttldseas’c't v 1GGPs- wifp liehs. ynpuit adireeb bsi griad chsakahead

|red For rpposes of t i.S _descript.i.on i S
e T J;E{:énas&?oarlasgoe% fscif Fodti eatljsn%letg} nceocptjf01
sﬂghémﬂﬂdﬁftHé“hdﬁﬁﬂMﬂﬁWﬁﬁglfiﬂﬁerdetﬁﬁ”bdﬁﬂﬂdeﬁhe strength
each. [0035] The | ookahead wi ndow nodule 18 sets a

ofpighe dtaw -yt Faringe cdifr dite giaurceeBadly ieHcsdetr ion
sPERELar e, SRty Bl sl SR picnus.
wlainch am@genmrﬁmtzeratsi e sirgesieat the ctrendtdvelS.the

0036] The picture co e in the sense  of codi n
=Gt i e GHO TR (e TR, Stbiitis Gt bicbure
1 Standands . 1 - gady e M Gidd e iRy, beLmld GimtANhd easier

need high bit-rate for notion conpensatl on in MPE&Q
temeudidry | fThe SadrrEsipeidichgFommtiefHan singader wfs employs

ec t..0ff {0 f r
off SR 00 LR BRI ol KBl Aon viceo
s sl eoyipiturerdno 1ﬂ1fe H 264 ogn code rdedhiyc inddi1abl 6 tar the
el ect _one out of up to six . reference pictures for

EligtSt ordaft DI St Rotte SBF e TS e & Sy e 20

patd P K n Lo died atad Mt b i SntoP e Gbif@he 88 rtual
I ndi cat ed above. WO 2004/ 054158 PCT/ US2003/ 039184 15

bYfEe7 Uil redt tdforbho mhmatgqatt@quompmee’salang@nchﬁr 24.

st at [ stl cs of _ ni.ct ure co obt ai ned
P BAEAE Y v e B hnr PR Hrbthaih iy £ull and

rrgenesad |:Lﬁgfdlhﬁat£1QﬁI rlqidlc%lt@mﬁltﬁaw tHe Adardtyicture for
pre-filter 20 to control the strength of the |ow pass
eHG9GIEH HEAYFrehendg @idhtem iafort@ylgble in the virtual

buffer, then the amount of pre-filtering is increased go that
the virtual buffer does not overflow and the filtered
uncompressed video is the video signal that is encoded. If
there is no danger of virtual buffer overflow, then the
current picture is slightly filtered or not filtered at all.
In the latter event the uncompressed video signal from the
storage and delay module 16 is used as the input for
encoding. However, frequently and abruptly changing the
filter strength and/or switching between the uncompressed
video gignal and the filtered uncompressed video signal
within a GOP may lead to a motion compensating residue signal
for P and B pictures. This is avoided by smoothly
controlling the pre-filter 20 within a GOP. If a picture is
filtered, any other pictures which use it as reference should

also be filtered with at least the same filter strength.



indicates that the current picture is a difficult
picture which needs nore bit-rate to encode, the
wa@tooegtiss of the adaptive pre-filter 20 may bRCT/US2003/039184
i ncreased so that the picture is heavily | ow pass
filtered, i.e., becones softer and easier to encode.
The sophi sticated conpressioff encoder 24 enploys the
[oﬁ!@ﬁCh Z@héoréﬁbe@bngkbmeélﬁbﬁlgﬁhaMggdUn§9nﬁé§5§§d
ideo signal output fromthe storage and del ay nodul e
11138brathen fiipt breddvpdebhsi aar Yaeplt SbyTHA:
da tiyv e f e as ntro
PFh %%ﬁ% ﬁ%n'an E E?ﬁgsvgr §a eﬁu??e&g% %e%g %%1Pﬁate
taSQEhlbﬂtéaEeﬁ éaﬂhrpsstaﬂeeaﬁddEheﬁ4setan exanpleatibn
the virtual buffer is approachijng full and _the rate
ParamgE Rt 6K Pﬁﬂhc%?e@aﬁﬁgtO?hEh@uFPé%Feﬁﬁc?ErEhFonrtual

buffeed'ngnrﬁggegﬁanggsse?'&énfheer9£§oﬁvgnha8kethe the

vi rtual n the anount of pre-filtering is
inEptmeased aboubathetheputrVuéEObaﬁgealdmesamaulable from
thoverflgv\/and the fi terg upco ressegh 'er EE

Vi g86° e&nSPmPﬁSFSGQ gheoded T VHEre™fs no d5hgdf
es@Ecih&EEaEh@UEEQE1QH€&§|@bbuthéﬁetbémpiékiﬁ9toﬂlﬁhérﬁnput

I's sli filtered or not filtered at all In the
cophensr e&@n?hﬁhéneﬁé@ﬁpﬁégééauvaaé@nsﬁéhthﬁréﬁﬁ?ﬁ@atlon

aboher 98 §H§0g65§ﬁe8099 £a2164 Esa9§§9%8§etF§ohngﬂé for
y an

enco wever. frequent! ruptly changi ng
untbeprésbédrvsdeengtheamdﬁma shet shimpyebehwedart heé,

unco essed video signa he fi
cSHACOAIIEoLBE G Bo0otr GRaaPoRPL e GORPREREOY| ghathg 4npuc
cofipthen ceppersaki REntesidiegsL-goah 1heluRedndwB parts:
pictures. This is avoided by snmoothly controlling t he

prelfi| Fake20pairthi AtatGepPicef farpretntexisy predépsdon.
a”yzoth%%kgiqkﬁgﬁﬁemth t#églkétﬁérr85€r§?§§g§998hq

al so "be ered Wth eas € sane
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The rate _control gorithm used
Fubprgsfrafion, W sofudateofet Rea Tast RBdéngt?Tﬁﬁ? statistics

af%@EgggFgathEurgwﬁstéhgéd@dconﬁbgé'EMaﬂe@ﬁHrEaEQ sliding
window is located in the lookahead window 18 and the future
sliding window is located in the sophisticated compression
encoder 24. Contrary to prior applications that used sliding
windows which increment in terms of GOPs, the sliding windows
of the present invention are picture-based, and move forward
after encoding each picture.

[0039] The rate control algorithm has four steps: (a)

statistics extraction; (b) complexity prediction; (c) bit

allocation; and (d) statistics update.

(a) Statistics Extraction

[0040] When transcoding from an MPEG2 variable bit-rate
(VBR) stream to an H.264 constant bit-rate (CBR) stream or
encoding an uncompressed video stream to an H.264 CBR stream

the following information is collected:



target bits for each picture and then sets a
guanti zation paraneter for each MB based on the

wo xdouiopass of the virtual buffer. In the transeoO©s2003/039184
configuration all of the information about the input
video signal is available from the encoded conpressed
video streamvia the decodert’12, especially the

st at I staEsSraR0Wudite LaMexidianRitdhe IR ; LM @D tstep
_In the encoder configuration all the infornmation
sizoutont readtnmitctiiieo signal is available fromthe

unconpresse i.deo stre Vi a si npl e encoder 14,

esgé(;'ci acﬁf )P‘Jtdur]\ét)lgisat ISt iegzaas@ha olu({th"f%ee' conpl exity of the

input  mionber .ty (Bt e cat ridr alagar igihmedmel udes

two parts: 1. Take "past" statistics for conplexity
Itgpedt @bt a2 UEsce FFaR e St Qe S ottt video's

| i 0 - - G i :
o o B Rl A e s et <o
userhiby dilre sgmh igidates achestptdsstiiars erafadar 4ch

picture is encoded. Note that the past sliding w ndow
is located in the | ookahead wi ndow 18 and the future

(b)s|dstigig Mdawd s dideat ed in the sophisticated
conpressi on _ encoder 24. Contrary to prior ,
[0Q&kl i catGumsl a4ty e fidhidithg S Wichdswsl i dfre complexity
inc i1 t i di !
of h Bt S, ot Thr e SIS MR A
(MBRB2VEH 2 6 B teamereaidiyngragaich gpidt tiiree . 1 {03 Yordhleexidte of
contr ol a:é_:],ori thm has four steps: Hjeg# statistjics ,
th%)&‘%%i%%f?to L QYT Tonpltexi %F‘edﬁucﬁ' - QEStWpig 'S complexity
is dtoeatd o bAnth{td)ostiald Yhss dpdaierd® o alistdafe

traction [0040] Wen transcoding froman MPER
tyrenr i Fblan mnbgditeent VER)tha rgumantd aan HIms 4 worssttant

. hit- e stre encodi C r
o U b OIS R T S U o (BT R (e
conpifetinmt i 4181 goldmotead o MWBHOGHMOA a® in the past

. PCT/ US2003/ 039184 17 1. Average quanti zation ,
Wl%ﬁﬂ%ﬂﬁﬁ%ﬁ%?%ﬁdﬁﬂ?ﬁ?&#Fbﬁ§ﬁ§ﬁ§tlcs are based on a simple

encoding format an adjustment to the algorithm in the form of
a scaling factor, referenced here as trans-factor, is
introduced to take into account the difference between the
sophistication of the two standards and/or the two bit-rates.
The trans-factor is calculated ag the average of previous
gimple/sophisticated ratios and is updated after the encoding
of each picture. Because of the different properties of
different picture types, the trans-factor is calculated
independently for each picture type.

[0042] The complexity prediction algorithm has two steps:
[0043] 1. Calculate a current trans-factor for a current
pilcture by averaging previous trans-factors

[0044] At the beginning of a video sequence to be
encoded/transcoded there are three initial values for the
trans-factor, corresponding to the three picture types (I, P,

B) respectively. The average trans-factor over a past sliding



size) for each picture. 2. Qutput bits for each
picture. 3. Picture type (I, P, B) for each picture.
wo e@ams4isand 2 are used for cal cul ati on of thePCTpPs1003/039184
video's conmplexity, while item 3 records the picture
type that is wused by the sophisticated conpression
encoder 24. (b) Conplexity Priédiction [00411
w R 8% tye RELLH TF 1100 d Sr 10, A adi Lt Jf‘ aéi/ctﬁe and
a current picture froma prior sinpl e/sop stic
tahPEGL D zmqommﬂec@mges dthar draive I?elrenapdu been encoded by
urre picture. TNG t.he current
oSO TLSH A Seod T LTty BUEL G (LT U0 A0 Mo,
[@O4S] ous zpu@cbmrcearofbet hie saftibed Y. cdﬂ‘ca@ﬁn&[&)(}@ﬂ et pe
of the invention, the current icture's conplexity is
Pifitadiet edof AP RLCS UsESt Rad %enﬁlbxpﬁypbﬁturﬁs For a
s W ESeb, the sanm.- &y, &gég&}d&e past wi ndow. However
since the statistics are bas on a sinple encoding
forﬁﬁt - arb adj ustment to the algorithmin the form of
qg factor, referenced here as trans-factor, is
|nt dUced to take into account the difference between
t he nsephi stication of the two standards and/or the
two bit-rates. The trans-factor is calculated as the
averkge dﬁ/ﬁvevi8m§= @ﬁhﬁﬂeﬁsdphigtwcated rati os and
i's dat _a $he enco | of ach_p Gfure.
Becalse of t é ditferent propeﬁtles &‘fferent
plcture types, the trans-factor is calculated
pendently for eagggflcture type. [0042] The

| exi tY priedfit@d% G6rliEh M G ¢ SEFe1ng Fh4HPs-

Fo]r @l W i 5 1GH,F et Whinanssd %%Is‘i’fmefcprth%tc%rl'fee%dule 16 is
picture by averaging previous trans-factors [0044]

dasHgrisshitmistpnst 2a stisdee se @@dsce o We and Ws represent the
0 t e re thre initial values fo
=R RTINS R BSRA Ay o e SERSS T dn the
stioppes (aAnd Beldl) moesiectlsvel vy. The aver age
trans-factor over a past sliding WO 2004/054158

PCTMus250%Np39184 =2* (1) = 2

Wp = W(Nyp) = 2% (4) - 8

Wy = W(Ns) = 2%(10) = 20
[0047] The trans-factor Tey of a picture in the

uncompressed video stream is calculated by averaging the
trans-factors of the previous Wepe pictures of the same type
(I, P or B), the number of previous trans-factors that are
averaged being equal to the total number of pictures of that

type in the storage and delay module 16 (Wy, Wp, Wg).

Trewr =(1/WDYimjwrs1-5T1G) = (1/2) Tisi-15T1(G)
Trewr =(1/Wp)Yimj-wp+15T8G) = (1/8)Yimjr-5{T()
Tpew =(1/W)Yisjwe+15T8(G) = (1/20) 195 TBG)

where j is the picture number of the current picture.



18 window is generally better than that of only one
picture and takes into account pictures that have
wa@bkmeasmsbeen encoded by the sophisticated enPOrEs20831039184
and are within the past wi ndow. [0045] A GOP can be
descri bed as containing NI | type pictures, NP P type
pictures and NB B type pictur®s. For a standard GOP,

[Esigiescr ihad Akeiadd Inkh del\ﬂa? hodH & 15 MRt (NMains two
NIl = (15/3) - 1 =4 NB=N- NL- NP=15-1- 4 =10
st{a0o®a]d TP st Grea e sad sl @pavisdultevcl.6 edgittaiars tWenty
APRs.  For__thi i scussion, it wl]l_he as d t hat
PR WS GE -J?ascqzodfgsiad:r?eﬁwtegagteéir &% ftnaﬁggfpd Bops type
piWtu & bR irefiresent the total nunber of I, P and

B type pictures respectively in the storage and del ay
[Orpécﬁjl e 18- W FregRct=surrpyits pichyprel s\coNpLexity (4)

[gosd] VB =W ([(\NBhF PZ*tY(PEQ 121230047k & rent ic&:ure’s
trans-factor Tcur of a“picCture in'the unconprefse
sophdet istatedin icsr VAIECH , atcethyexadver d@ing Xheor Xgz,) is then

trans-factors of the previous ype pictures of the |
prefRtab e he GRAETS e SHRDEY OF BECPCsugonELexity
(b ANSs,f 86t QL9 thahakee ayRiaeed theikgd el ter the to

total nunber of pictures of that type in the storage

apprPrddlede o @wiad el hews imppe wRwitiexitly factor. The trans-

- Y Wi 41 S = (1)) Zimi - 1o TI TP .
LR S WFE SR 4 e e eieht
fae(tHV\BKsi = tMBddke| ThBO) s ddur20)tZie| dil0F s B | quanhiet e

j i,s the picture nunber of the current picture. WO
T TS 85 TRETOSIGESFIaBIEHUTES L6 Ae] TROF HedEdiagactor
ha@Nbedel g8 116 dehatrerbaians tWoa function of the

ratio of the current GOP’s I type simple complexity and the
average simple complexity of the GOP’s B type pictures.

X1s = X12/Trcur

Xps = Xpz/Trcur

Xps = Xs2/ (Teour*Kas)
[0051] Kpy is larger for a well-predicted sequence, i.e. a
sequence without fast motion, and is smaller for a sequence
with fast motion. Kgs is set adaptively after encoding each
GOP in accordance with the ratio X;/Xsz where X; and Xz are the
average simple complexity of all I and B pictures in the
current GOP.

Table 1. Empirically Determined Values for Kags

XI/XB KB4
>5.0 1.35
2.0-5.0 1.2

<2.0 1.1




standard GOPs, as described above, two, eight or

twenty previous trans-factors are averaged for an I,
wo2@n/ 081158/ pe  picture respectively. [0049] 2. RBUSD3/039184

current picture's conplexity [0050] For I and P type

pictures, the current picture's sophisticated, or

MPEG4, conplexity (X14, XP4 df XB4) is then predicted

t he pi 8 1515 G 4 M S e 5 :
[cg(clr:’szumor XB]% %%rﬁcgﬁjtl%e'wﬁp}geatéé&dp }%\irpans-%‘ act or&%ngcé/u}?J)&%%g W for a
P appropiciwty moalal shediugie dons ewdightf atdaror ThHe,) , but
. trans- factors I t.ype. pictures are further :
LR AP AT e YER G (R TR (i practice.
account the different quality requirenments for
different picture types. This weight factor has been
Clerpitr iRl 98 td@Ter ni ned and is a function of the ratio

he cu.r 151 dp Ty ' lexd t-y.
e el ol Shiaian RS TRGEAP R el 08
pipoing-dayetdld PIXEIrH-AuyerXPhea RPAMEP@OP XBrel2B2/and

TBcur * KB 0051 i.s larger for, a well -predicted
péfe‘gﬁﬁ?ﬁ&eﬁp% qj’iér%%eﬂ@é’%‘t gt fja?_stparﬁﬁji _,al%{%l is
e SR BFe fRIr dRUNES g i fast yRldP i JBA | s5et

adaptively after encoding each GOP in accordance with
altlncatbiqr Dy dousdre®sxl and XB are the average

4wl e conpl gxi-t j int ,
LY e o, st nste T e ek SRl A piovure
[FaE5IKBA XiHeXB e t>mikel. 35) ,218- bi0s]. 20r<310 thd WOctures

2004/ Q54158 PCT/ US2003/ 039184 20 [0052] I n_prjncipl e,
Y ITSHAEE T otbl € 5 SRS drookahead pel sl drse
cd Y188 adidest o hed MR JRaGhde dR2A)in Mile window

(Wg) , the constant bit rate (R), in bits per second, and the
picture rate (F), in pictures per second.

Tw = Wr(R/F)
[0056] Then the targeted number of bits (Bs_tar (k) ) to be
allocated for the kth picture is calculated by multiplying Ty
by the ratio of the current picture’s complexity factor to
the complexity factor of all the pictures in the sliding

lookahead window.

B tar(k) = Tw* (Xa(k)/Yi=0->wr-1Xa(k+i))

[0057] This calculation essentially identifies the
proportion of the target gize (Ty) that should be used for
the current picture. The size of the current picture when
encoded by the complex encoding algorithm is not permitted to
be larger than the size of the current picture when encoded
by the simple compression algorithm (B,(k)). Thus, the gize
of the current picture when encoded is clamped to B,(k). If

Bs tar (k) does exceed B;(k), the number of bits targeted for



it has been found that this is not necessary in

practice. c) Bit Allocation [0053] Bit allocation may
wheoobasas on GOP-1 ayer and picture-|ayer. PCT/US2003/039184

Picture-layer breaks the GOP boundary and perforns

better than GOP-layer. This is particularly effective

for scene changes in the vided signal. Bit allocation

S 0} : I te its_f

T TRy i eror o [obesf ThepRroer 2Fzis Hipeany known
that sthe ggmal lex heuphert BLk) ouirddetd yheefignencdd it of bits

th [ idi | ookahead w nd i s cal cul ated based on ,
SRS TDEr ISR S LTSSt T R A MY Wity P (9 1He® there is a
keomst @tphid sAlBI{N) inithditsrdper waehE, B theset window

picture rate (F), in pictures per second. Tw = WH(R/ F)
SIPO567 tirh nefel f et ed-dimbdie dixtra o8 imfo (kJcgunt.

to be allocated for the kth picture is calcul ated by

multiplying Tw by the ratio of the current picture's
conplelkitly f=adkdk)t e Bl he (Gonpl &iky factor of all the
pictures in the sliding |ookahead wi ndow. B4-tar(k) =

Twr ( X4(k)/ Ji =0->WF- 1X4(k+i)) [0057] This cal culation
[essentialdy i ﬁix&@s%&é}ﬁ:iﬂ% tdon slcdded araed)

size (Tw) that should be used for the current
[M2re. Beifors mneiding MRy tleat fpltnere afehheentotedl

e €O encodi gorithmis not permtted to
blg%féparlgsgr %hgﬁt?%eﬁ% znlg’ g]%’ &Lelr%:ue RSB ure when

encoded by the sinple conpression algorithm (B2(k)).
Thus, the size  of the current picture when encoded is
clanped to B2(%) = Pp +BRi-var (K (dokk) 6¥Be€BLB2 (k)
the nunber of bits targeted for WO 2004/ 054158
PCT/ US2003/ 039184 21 the kth picture is stil
wiBdre &5( Kp. tHewevebeirt oifs baksegdypeknowd byhatncbdéng all MBs

L TR B0 1 e e upRag LT S e o

MEheire tife dicture, T is the constant bit rate (CBR) per

picture, do is the initial fullness of the virtual buffer and

dy is the fullness of the virtual buffer at MB;j. The

reference quantization parameter Qj is then computed for MBj;
Qj = dy*51/r

where the reaction parameter, r, is

r = 2*R/F

Adaptive quantization:

[0060] The spatial activity for MB; from four luminance
picture-organized sub-blocks (n =1 . . . 4) and four
luminance field-organized sub-blocks (n =5 . . . 8) are

computed using the original pixel wvalues

act; =1+ min(vblk;, vblks, . . ., vhiks

where



known surplus of bits in the target wi ndow. The target
Wi ndow size is then nodified to take the extra bits

w0 niog/osasount . Tw (k+l) = Tw (k) + B4 tar (k) PCBBS10k}/039184
[0058] 2. Adaptive quantization and encodi ng ( TMVb)
[ 0059] Before encoding MBA the fullness of the virtual
buffer is conputed for |, P, 2B i ndependently: dj = do

+f Bjuby]q;=(I764§§‘%%}%641P1!n'\@’9%a gre Bj is the nunber

of bits generat y encoding all MBs in the picture

up to and including j, MBcnt is the nunber of MBs in

the picture, T is the constant bit rate (CBR) per
arb({](:ture, do is the initial fullness of the virtual

buffer and dj is the fullness of the virtual buffer

at MBA. The reference quantization paraneter Q is

t henP ooepmt € d L6 *FBA-c4P}» = dj *51/r where the reaction

paranmeter, r, is r = 2*R F Adaptive quanti zati on:

[ 0060] The spatial activity for MBA from four

wHdifd ManGe tHY qlivfes- Qf@aniizeisub- bl ocks (n =1 . . .
4) and four lum nance field-organized sub-blocks (n =
Then normeg)izg eClyenput ed using the original pi xel

val ts k-t _nmi.n(vbl R/ oV ¢ re
V0 355 a1 L 2R A oA bt E (35t Hdy o 24"
whelleb AvZledt: =564 (HRlen aveRageana)l2ie arfd fuyedor the last
(1/64)*Zk=1- >64Pk where P is the pixel gray |evel.
plﬂ%é’r?%&%ﬁﬁzeéq - N acts = ((2*actj) + avg act) /
T}{eqcptagijhs(tz*n@igﬂggjt L) Where avg act is the average
val ue of acts for the last picture to be encoded.

mquant; = Qy*N_act;

The final value of mguant; is clipped to a range [1 . . . 51]
and used for the quantization. Delta QP should be clipped to
[-26,26], as defined by H.264 semantics. Then encode one MB
with mquant; and repeat this step until all MBs of the
current picture are encoded.
[0061] (d) . Update picture complexity and trans-factor for
just encoded picture
[0062] The picture complexity and trans-factor for the
just encoded picture are updated and stored in the sliding
past window for use with future pictures.
[0063] 1. Trans-factor is defined as the ratio of
“global complexity measure” of corresponding simple and
sophisticated compression standards pictures.
T:;[current_picture SN] = Xp,/Xis
Tpl[current picture SN] = Xp,/Xp,

T [current_picture SN] = Xg,/Xg,



Then adjust nguantj as: nguant] = Q *N acts The fina

value of nguantj is clipped to a range [1 . . . 51]
wanw4sass f or the quanti zation. Delta QP shoul PCTD®ES2003/039184

clipped to [-26,26], as defined by H 264 semanti cs.

Then encode one MB w th nguanti and repeat this step

until all MBs of the current 2Bicture are encoded.

w003, UL, RO S A o o

I céhwplBxiigrwar af difss fadtmrt f erogthiest jjassteeneogectssion
ictur dated and stored in the sliding past
S%%%] f@%ﬁﬁ%@\ﬁ§ﬁ$%%ﬂure pi ctures. [0063] 1.
Trang;factgp,is defined as the ratio of "globa
conpl exi ty neasure" of correspondi ng sinple and
sophtest ¥ cat«ds conpr essi on st andards pictures. TI
[curgent pigture_SN] = X12/X14 Tp
[curxrfBént :%?‘%F"Ur e SN| = XPz/ XP4 TB
arjc urhree rde fpircit uiran SN £ S XB22XB4SW) 2004/ 054408 Qp, correspond

PCT/ US2003/,039184 wher e X24, 4 and XB4 r.epresent
£q %E‘c %&aﬁv%&fﬁr § SPRIREPANAIBY AR Ifriepiundrr the

s i IRUtGo | pitd£ alieth GNP @SR . standard (H. 264)
stream Xl 4 = SI4Q24 XP4 = SPAQP4 XB4 = SB4@B4 and
[GOptldefi @ ti orfsinsfe SUPictPge’ SBHItQEATIEA @hdB4is a
Ql.r.eSpo 0 efj.niti of -the correspandjn
eGP SR R e
adjMREGR2)the GG64Het2.siSieneeE ahy diddke shdid wiaidaat, (B4 for the
tar) is a function of the target size of the

(Kiog kel Rt Wi h doy S Ehed st Rifrd Uiogr gt cdiopslest dgherder to
adRekrrahead éﬂ}n%%fe%ncgeo%ett%erélﬁﬂe% gat&tf?iaqt W HdLlsize of

the kth picture is encoded in order

the kth picture, S(k), and the average encoded picture size,
R/F, where R is the constant bit rate and F is the frame
rate.

Ty (k+1) = Ty(k) + R/F - S(k)
This adjustment is done in order to maintain the proper level
of virtual buffer fullness and makes T,(k+1l) a more
reasonable target size of the lookahead window for
calculating the bit target for the (k+1)th picture. If the
input sequence is not infinitely long, at the end of the
sequence the lookahead window size Wp and target size Ty both
decrease. After encoding each picture the trans-factor, T,
Tp or Tg, is updated and all the predicted complexity values
in the future sliding window are updated as well.
[0065] As illustrated in Fig. 3 the trans-factor to be
used in determining the complexity for the current picture to
encode 1is based upon the average of the trans-factors for the
same picture type in the past window, while the bit
allocation for the current picture is based on the overall
complexity of the pictures in the lookahead window. After

each picture is encoded, then the actual sophisticated



account for any difference between the actual encoded

size of the kth picture, S(k), and the average
wepwededspi cture size, R F, where R is the coPSL/H§003/039184

bit rate and F is the frame rate. Tw (k+ 1) = TW (k)

+ RIF - S (k) This adjustnent is done in order to

mai ntain the proper level off4virtual buffer full ness

sttt Ak esorNkdily & JTRIR erfidsenNable ditlgely SiZe i past

the | ookahead wi ndow for calculating the bit target
wimsiow eri(ller|Bhen qdidasir @nd fis mhiiffegt sequedcedvs mistture’ s
infinitely . lo tst. e of; the. seguence the .
S"Jlaz)%ksgyhlecgsl’d avéenglgjﬁd:eldzel g‘%& tlaoroécéathesa[%‘zqé” v%eaﬂvo%? determine
a deoy easelAfittsr fencatiengriealdy pisCttiiee rddhi® picture to be
trans-factor, Tl1, Tp or TB, is updated and all the
I

SNGAHE REF I 86 P raTe PG Behe future sliding
[ gyow ar@, pdate f@%éﬁ%|indém@ﬁ$1%&dﬁydég'fgégjd#hﬁgol

Fig. 3 the trans-factor to be used’in determ ning
widdnsl exidbureoibatgesl @lddemy piicidome tico siemddde i s based
trunoréot(ﬂe aver a of the trans-factors for ,the tsa? dt

oI ¢ urerﬁ/\p/)e 9 Jtnﬁe%%ri WSATBES \ITPE SEFd oy standard to a
scHiegatdared Aontdie sGUlche Rit aRIdRAl &yl SxRased 10K & tistics

overal | conplexity of the pictures in the |ookahead
Lok Rdofhdesr tsdgnadadif 1pidc ttlce Siigrdsc sOBRIeEFdPn Rkandard, by

el Q0hLSIJGa e V02004 Q54159 CTAUSR003/ 039384, o ¢,

24 st and conplexity is determ ne entérédin
carttercpast 1omiprcewpre-lfe ltke dote $heonecompsiisfsteed vddleo

A new picture's tatistics.are | ocaded intQ the
S ah?ﬁéﬂt Yn F&W LT "Fe %ﬁemsfﬁ tege \?&rcb]ﬁ'gllg%ieﬁ?df or
unlddfpMRGE a8 deie sAerh 1PLEhvEe ot @ R8s -¢Reeded (PECATES the
the current picture. [0066] Thus the present invention

ragievicdeslioked conPlekityi meagupiest Gou- bhases isbldi mgd
solh ey 6. T " SRRIBL TSt A O U 0
s 1ddamda md nidpwe xtr ac piiegustabiysbiesurkobaa i, de@dsitdhal the
tr%%gq%akﬁ%xsgﬁ%!%1€%EQBG%§L%EWS%%?d%2gh g%cture.

[0067] It will be appreciated that the invention is not
restricted to the particular embodiment that has been
described, and that variations may be made therein without
departing from the scope of the invention as defined in the
appended claims and equivalents thereof. Unless the context
indicates otherwise, a reference in a claim to the number of
instances of an element, be it a reference to one instance or
more than one instance, requires at least the stated number
of instances of the element but is not intended to exclude

from the scope of the claim a structure or method having more

instances of that element than stated.



using the extracted statistics and virtual buffer

fullness to control a | owass pre-filter for the
wapmepriessed video signal, and by encodi ng tPET/US2003/039184

filtered or unfiltered unconpressed video signal

using a trans-factor which is the ratio of gl obal

conmpl exity measures for the $nple and sophisticated

conpr essi on generated standandygpi ctures with a

sliding wi ndow on a picture-by-picture basis, updating

the 1t rars-niedgtat chcerstodiing fsvamwsw dorare aghc gumitersed

67] lt-will_ be appreciated that .the inventjon_is
G TS T e B i A ot AL has
chesinexdescrddiet mentbd hasmprard iatd ons may be nade

therein wthout departing fromthe scope of the
i nveHtdofe g deffiinet ifranee ofapiendsrnepsethdligital

v R4 V&!fé&n?g&i epfe4 0l %?l?c%{letlﬁpq:toe eaélt{]l%ocaatlesrst value

ot herw se, reference I n aimto the n er o

ofi ndtaantiess off mmed|emeEmyldya tiv aand efcereerciegrt alonefirst
finst,ance. r re than one instance, requires at |east
THE st &t Urﬁﬁrwrg:éfrpe’of i nstances of the elenent but is
not dduendechd & exaddide vdrnamdhe mcanef dhgLlaima
structure or nethod having nore instances of that
cmrelfertty hning dthed . £ \WB R 00845 PO B$2603/039k8%er, and

25 : t had j fy. f an

incormronrg ty dRa i SRR ARG i ng
alggdevegim afmpleonpleexitiey ,sexairdl metlhed cforgiid Singt frame’s

anal yzing a first frame of the unconpressed digital
RIS eaam{ wittth T 49 SIS RIThUSS edsurse Paiguqters .

value of the first frame's conplexity and to assign
the first frane's picture type, estimating a second
val de & matddd restcdudims o cdmlmexi t yuwigihey tdvendrirsitng :

nmea v.al S r ter, .and,.encoding, the fjrst
rr st R ST 30t (et By T
alsgodnthnw aldleneefsulee o ivksilrd R@ITRIeS of the first frame’s
complexity, and
storing the picture type and a complexity ratio of the

first frame.

3. A method according to claim 2, comprising, prior to
encoding the first frame with the second algorithm,
generating an encoded version of a past frame with the
second algorithm, said encoded version of the past frame
having a size, and
estimating a value of a future frame’s complexity,
and wherein the step of encoding the first frame with
the second algorithm further comprises:
determining a target size for the first frame using
the size of the past frame and the estimated value of
the future frame’s complexity as parameters, and
encoding the first frame with the second algorithm

employing the first frame’s target size as a parameter.



conplexity and the first frame's picture type as
paraneters. 2. A nethod according to claim1, further
w@owpiosdassg:  anal yzing the first frane with tPEer/Esmosa3I184
encodi ng algorithmto neasure a third value of the
first frame's conplexity, and storing the picture
type and a conplexity ratio @ the first frame. 3. A
nmet hod according to claim2, conprising, prior to
encoding the first frame with the second al gorithm
genet ath et e mested ver diorlsfim pasthefregnme whd sttde of
[ofs} ord.t I d encqd versian, of. the past
erfcreoaér)rler}gg ﬂ%\% nﬂgléggsi%%mearw&%g%?c glr?atsler?go e AR ]oiﬁmé produces
arf Wny@ldd arge’'siaomgl exid VEirandmhes eidhd hthstapwior
encoding the first frame with the second al gorithm
At FEHEH D g deEIfetsisf Minghe st ame fermtises
pddd e MATRAIUNG INS L :loddie RaS Il AR A 415,
estimated value of the future frame's conplexity as
fyzawcanet ers, and encoding the first frame with the
second algorithm enploying the first frane's target
size as a paraneter. WD 2004/ 054158 PCT/ US2003/ 039184
26 4. A neided aceyding o Giaiim 3, Wienelih the stemt
encoding the first franme with the second al gorithm

f
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rame conprises predi Cting €°size o enco
fivertsiforamef’ ¢ enfilrestitfrane. 5. A nethod according to
claim4, wherein the first frane's conplexity ratio

is calculated by dividing the first value of the

frane’ o eRMIRXdEIBERE dhidd ivplsue ol e dd Sirst
frame's conplexity. 6. nmet hod according to claimb5,
Irms dish fiddd amigds oy a plurality of frames of the

uncompressed video stream, and the method further comprises:
analyzing each of the plurality of frames of the

uncompressed digital video stream with the first algorithm to
measure first values of each frame’s complexity and to assign
each frame’s picture type,

estimating a second value of each frame’s complexity,
using each frame’s first value as a parameter, and

encoding each of the plurality of frames with the second
algorithm employing the second value and picture type of each

frame as parameters.

7. A method according to claim 6, further comprising:

analyzing each of the plurality of frames with the
second encoding algorithm to measure a third value of the
complexity for each frame, and

storing the picture type and complexity ratio for each

of the plurality of frames.



frame is followed by a plurality of franes of the

unconpressed video stream and the nethod further
w@eopisass: anal yzing each of the plurality of PET/HS®83/039184

of the unconpressed digital video streamwth the

first algorithmto neasure first values of each

frame's conplexity and to assi’gn each frame's picture

types. %tnhé@{adlga@cﬁ%ﬁ@ 2l U, Qf LAGIF AR She plurality

conpl exity, using rame's first value as a
ohpafzareteris il lavesdling eastcafd thens urald tyhefmethod
s with the second algorithmenploying the second

frane
f%tr e a%odn%ﬁjﬁ(?ﬁ:e type of each frane as paraneters.

7. ArEtwthpoaos didtebrid ThaidnNvdit Wideri 201 $dP%hm to
anal yzi ng_each of_the é)l urality of frames with the
MRRIGTRI Frcdehi thg’at torak st hdg@ne s iR nent to

ad{fn G| SXd0 (O RAGh 11 Ak ang St oMl ng the
picture type and conplexity ratio for each of the
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27 8. A net hod cording toclaim7, wherein the
ettt Sy rd i GG by SUAIET 1 s
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second frame with the first algorithmto neasure a .
emp yasfing | e dfexurbiteyamd Sheomsaond rane 1o complexity
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the first value as a paraneter, and encoding the

second fra i th the second al gorithm enploying the
socchd ARt 1HPECEhd T % oo fPITEG S A RE e ting

IR CUKh ] AR T dbdhd YREAS RAIBRBIEIY, the AdmiDod
according to claim8, conprising estimating the

Trmenmd Fieate' valser dnd avdlupnsyptdior diangdthe second
frame's first value by a translation factor.

10. A method according to claim 9 comprising calculating
the second frame’s translation factor by averaging the stored
complexity ratios associated with a sub-get of the plurality
of frames, the sub-set being the frames that have been
encoded by the second algorithm and have the same picture

type as the second frame.

11. A method according to claim 10, further comprising:

analyzing the second frame with the second encoding
algorithm to measure a third value of the second frame’s
complexity, and

storing the picture type and complexity ratio of the

second frame.

12. A method according to claim 1, wherein the step of
estimating the first frame’s second value comprises dividing
the first value by a default value based on the first frame’s

picture type.



10. A nmethod according to claim9 conprising

calculating the second franme's translation factor by
war@ragilsg) the stored conplexity rati os assocPEr/Es2003/039184

with a sub-set of the plurality of franes, the

sub-set being the frames that have been encoded by the

second al gorithm and have thé8sane picture type as

the second frame. 11. A nethod according to claim10,

further conprising: analyzing the second frane with

t he skcdndnetieadi arrord g i tchmias mrelas Urerthehicanprising

val f..1.he secaond. frang' compl exity, and storin
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estimating the first frame's second val ue
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an unfiltered version of the first frane, <creating a
filtered version of the first franme prior to encoding

the f4 rst ddam Wi hAdies &RERH AHGQId td¥Ma Ahpressed
selecting either the unfiltered or filtered version of

diFe gl reitdgq et ardiifignsy haas amsmied gordatting to a
, ' : ' I of 0 esse .

=iy AR L AmROdD0 HIATES £ ASOTY S5 sy,

saaict oredilingl tawngprifdinst: encodi ng al gorithm and having a

| eve] of_ conplexity, _said nethod conprising:_ decoding
O o{lﬁ%% fecHtst éﬁ%é&ledicg%“i%e%ﬁedﬁcﬁlgﬁwﬂﬁﬁldeo
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version of the first frane and to neasure a first
vergigs off thre finsht freawe'sad dieplmseisturearsd ftigrst value of

th%etf%rfggl%rtal?nee ’fél réo%glre%c%ys aigt)'lldC tt%r %ettyeor%‘line the first
frame’s picture type,

estimating a second value of the first frame’s
complexity using the first value as a parameter, and

encoding the decoded version of the first frame with a
distinct second encoding algorithm employing the second value
of the first frame’s complexity and the first frame’s picture

type as parameters.

15. A method according to claim 14, further comprising:

analyzing the decoded version of the first frame with
the second encoding algorithm to measure a third value of the
first frame’s complexity, and

storing the picture type and a complexity ratio of the

first frame.

16. A method according to claim 15, comprising, prior to
encoding the decoded version of the first frame with the

second algorithm,



estimating a second value of the first frame's

conplexity using the first value as a paraneter, and
wenmensanes t he decoded version of the first framer/vubion3/e39184

di stinct second encodi ng al gorithm enpl oying the

second value of the first frame's conplexity and the

first franme's picture type &8 paraneters. 15. A

et had, accof ta, &l fu ther ising:
analyzi ng thrg'iI (rfkg%:oded (?\;ée%ns?i]egenmo#{ tclrw% F st f&aﬁn% v‘ﬁ”ﬁwh the
sedmd eclgnl driivodi sal dlgordddinteraieas wie tthd bast viatane

of. the first frame's conplexity, and storing the
hay e S aar{b‘?a conplexity ratio of the first

frangst ket ¥hdred Redhac e & - Bl CHrd:sivig,
prior to encoding the decoded version of the first "
f ramdivhritier e dtiPraldoranand inaD e 43g8A4%s8 version of

CTd . ; tq QRCO ersi on of. ]
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ver si on afettchenipaisty fa arergdtading: £si 2the altoded version

ti nat I f future frame's conplexity, and
wher Pihd e O Aty e WeCodd T SR diame and
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conprises: determning a target size for the deco
ver glegipmsftanfs fiarst frane using the size of the past

franme an . S nd va f the fut fr '
conpl exi ?e ynctzflsQiel g ﬁ:glr?etdeerés?fé%ggar “EResal T ftﬁ’ee ?é%}%e(frame
ver siiath afhd heeddnds ta lfgoart® hnwichtp 1R ree cord g ifhme s
enpl oyi ngcthe first franme's target size as a

par . SfFe RSnét MSF3HEESEding to clai m 16, wherein

the step of encoding the first frame with the second

al gorithm produces an encoded version of the first

frang,. andatheodsteempaafding to claim 16, wherein the step of

encoding the first frame with the second algorithm produces
an encoded version of the first frame, and the step of
determining the target size of the decoded version of the
first frame comprises predicting the size of said encoded

vergion of the first frame.

18. A method according to claim 17, wherein the first
frame’s complexity ratio is calculated by dividing the first
value of the frame’s complexity by the third value of the

first frame’s complexity.

19. A method according to claim 18, wherein the first
frame is followed by a plurality of frames of the compressed
video stream, and the method further comprises

analyzing each of the plurality of frames of the
compressed digital video stream with the first algorithm to
produce a decoded version of each frame and to measure a
first value of each frame’s complexity and to determine each

frame’s picture type,



determining the target size of the decoded version of

the first franme conprises predicting the size of said
wenpmenedss ver sion of the first frame. 18. A nepdiDUS2003/039184

according to claim 17, wherein the first franme's

conplexity ratio is calculated by dividing the first

val ue of the frame's conplexi3®y by the third val ue of

the edd fidt foQne’ S CHPIRNIY 02 Ladh C &Qlt
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frstieeBm K ftHdesddarst algaridhm tanpIadice i dfé‘d&ﬁﬂ (value
versjon of each frame and to neasure a first val ue of
angh dh $rie RO R Saty Hha ddasEanaiersmch  franme' s
picture type, WD 2004/054158 PCT/ US2003/ 039184 30
estimating a second val ue of each frame's conplexity
usi r e@cméwfmcb sgcddndsitngy adcueslasina JEar dettefer atthprising:

encodl coded v ion of e%ﬁ:]ljn of the pI urality

of af 4 c{ﬁ“ < éi(%éjﬁa’eﬁsgl&qt e a5 Iy chlélralltY
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fPar aneters. 20. A nmethod according to claim 19,

l’frl't%é%o‘%rﬁ?ﬂfé{rﬂf eae‘éﬂialf)rﬁm@g arige decoded verS| on of

eac I sec
al g%rt?{ 1%[3%9 lertt(}foz?le Sﬁ/p C\gmp th%é/ 55‘ exqciry each
ofoftmaqﬂdzradrm:yamf dtremierg the p| cture type and

conplexity ratio for each of the plurality of franes.
21. A nmethod according to claim?20, wherein the

pl ural i ty e HopnRSJraifel kevwed iy, aoseqerd.firame,. and

the nmethod further conprises: analyzi'ng the second
Pliradd b of thivarss s dlogdowelimayo a preodude faatecoded the

methl %! %I%fhet:th%o?n%%%%% f:rarre and to neasure

analyzing the second frame with the first algorithm to
produce a decoded version of the second frame and to measure
a first value of the second frame’s complexity and to
determine the second frame’s picture type,

estimating a second value of the second frame's
complexity using the first value as a parameter, and

enceding the decoded version of the second frame with
the second algorithm employing the second value of the second
frame’s complexity and the second frame’s picture type as

parameters.

22. A method according to claim 21, comprising
estimating the second frame’s second value by dividing the

second frame’s first value by a translation factor.

23. A method according to claim 22, comprising
calculating the second frame’s translation factor by

averaging the stored complexity ratios associated with a sub-



a first value of the second franme's conplexity and to

determ ne the second franme's picture type, estimating
w@:2@eodnds val ue of the second frame's conpl exPCHUSR0IIEEI184

the first value as a paranmeter, and encoding the

decoded version of the second frame with the second

al gorithm enpl oyi ng the secodd val ue of the second

' it c f ' [

e ke 3 W et A MG Ho Manes
tleonprass rigperestriqmiah@pyt Hédes ecmuhd redigesrsi tdec end] Vedwe the

by dividing the second frane' s first value by a
Salra/ear%tcdtﬁ%% RS & D5 Khdd&cording to claim

22, conprising calculating the second frame's
translation factor by averaging the stored conplexity
ratids dsgwtitackdadameling de WH20042054188 her comprising:

PCT/ , 4 : ral it f fr S
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type as the second frane., 24. A nethod according to
tl'kﬁvaﬁﬁﬁcﬁié, T heét c@(‘i"lﬁ%ﬁ%‘itﬁ’g: &M&hal yzi ng the decoded

ver §ii-i6fy the sacand-enspdednd rane il £18,586aNG, of the

algorithmto neasure a third val ue of he second
seqcate Isragispl exi ty, and storing the picture type and

the conplexity ratio of the second frane. 25. A

met hod according to claim 14, wherein the step of

est i@t ingdthed iggiorddiare 't sacdnd 1v3| udeG@NART itIRS step of

dividing the first value by a default value based on
eSHEFGY st firame’'e sprendyalaseaegises dividing
tHRE GOrRAENG 419, LhR1 | %%féﬂﬂﬁtvaldéﬂﬂgﬁéa Y i ALY Brane’ s

filtered version of the first frane from an

pigifide érved. unconpressed version of the first frame
prior to encoding the first frame with the second
al gorithm and
26. A method according to claim 14, further comprising:

creating a filtered version of the first frame from an
unfiltered, uncompressed version of the first frame prior to
encoding the first frame with the second algorithm, and

selecting either the unfiltered or filtered version of

the first frame for encoding by the second algorithm.

27. An apparatus for encoding an uncompressed digital
video input stream composed of a succession of frames, each
frame having a plurality of characteristics associated
therewith, said apparatus compriging:

an extraction means for receiving the succession of
frames of the uncompressed digital video input stream and
employing a first method to obtain measured values for the
plurality of characteristics of a frame of the input stream

and to assign a picture type to the frame,



selecting either the unfiltered or filtered version of

the first frame for encoding by the second al gorithm
wWQ7Z004Mpe18ppar at us for encodi ng an unconpr essedPdi/g510a3/039184

vi deo i nput stream conposed of a succession of franes,

each frame having a plurality of characteristics

associ ated therewith, said &Bparatus conprising an

extr j eanss f r t
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val ue stored in e value storage nmeans for adjusting

fnawe si ze of the encoded version of the frame. 28. An
apparatus according to claim27, wherein the value
storage neans further conprises a neans for

maniZaul atd g reasireth ol ey o alfdinst27, wherein the
characteristic of a frame to derive estlnated val ues
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f rpnesh drca cleardivst iss tandh taawl estlivest v al weaida characteristic
ofﬂ% ag;erlstlc associated with said frame and uses
sal tWe type, said measured val ue and said
esti mated val ue as paraneters for

29. An apparatus according to claim 28, wherein the
encoding means receives the picture type, a measured value of
a characteristic and an estimated value of a characteristic
associated with said frame and uses said picture type, said
measured value and said estimated value as parameters for

creating the encoded version of said frame.

30. An apparatus according to claim 29, wherein the
value storage means will determine a predicted value of the
size of an encoded version of a frame in the delay means and
wherein the encoding means adjusts the size of the encoded
version of the frame received from the delay means in

response to the predicted wvalue.

31. An apparatus according to claim 30, wherein the
encoding means further comprises a means for measuring a

value of a frame’s complexity, a means for storing the



creating the encoded version of said frame. 30. An

apparatus according to claim 29, wherein the value
wGar@ragassreans Wil 1 determ ne a predicted val uRCDUS1008039184

size of an encoded version of a frame in the del ay

means and wherein the encodi ng neans adj usts the size

of the encoded version of tHé frane received fromthe

&m@gﬁbi - eSponse t ' e .
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olermodimzpdrhnefafahert confprases a neans for measuring

a value of a frane's conplexity, a neans for storing

t he WD 2004/ 054158 PCT/ US2003/ 039184 33 neasured

conp BXiAry afgddiest @ theed®ans it Sitom na t he,sigs. of

an encoded version of a franme. 32. An apparatus
CHEOrHI MY to claim 31, further conprising: a
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encodi ng nmeans. 34. An apparatus according to claim

27, wherein the extraction neans conprises an
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34. An apparatus according to claim 27, wherein the
extraction means comprises an encoding means for encoding the
frames by a first encoding method and the encoding means for
receiving the frames from the delay means encodes the frame

by a second, distinct, encoding method.

35. An apparatus for transcoding a compressed digital
video input stream composed of a succession of encoded
frames, each encoded frame having a plurality of
characteristics associated therewith, said apparatus
comprising:

a decoding means for receiving the succession of encoded
frames of the compressed digital video input stream and
employing a first method to obtain a succession of decoded
frames and measured values for the plurality of
characteristics of a decoded frame and to assign a picture

type to the decoded frame,



frames, each encoded frane having a plurality of

characteristics associated therewith, said apparatus
w@ovposHssg: a decodi ng nmeans for receiving theCT/US2003/039184

successi on of encoded franes of the conpressed

digital video input streamand enploying a first

met hod to obtain a successi od4of decoded frames and

MeasyrRd MAlHES, d ofout Ne i UAald tohPTeu LA BGLETd ST EShaeq
of a decoded frane and to assign a picture type to
frdmedadoddnt firans, W@ 200405 B8P RCHEMNISI008/DRAABA frames
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according to claim 36, wherein the encoding neans

receives the picture type, a neasured value of a
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méﬁ?%uH%&%%gy%!%%d%%red value of a first characteristic of a
decoded frame to derive estimated values for a second

characteristic of the decoded frame.

37. An apparatus according to claim 36, wherein the
encoding means receives the picture type, a measured value of
a characteristic and an estimated value of a characteristic
associated with said decoded frame and uses said picture
type, said measured value and said estimated wvalue as
parameters for creating the encoded version of said decoded

frame.

38. An apparatus according to claim 37, wherein the
value storage means will determine a predicted value of the
size of an encoded version of a decoded frame in the delay
means and wherein the encoding means adjusts the size of the
encoded version of the decoded frame received from the delay

means in response to the predicted wvalue.



paranmeters for creating the encoded version of said

decoded frame. 38. An apparatus according to claim
wW@Z004barei N the val ue storage neans wil |l detBCTUS®0OR039184

predi cted value of the size of an encoded version of

a decoded frame in the delay neans and wherein the

encoding neans adjusts the sBie of the encoded
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apparatus according to claim35, further conprising:
a filtering means for receiving an unfiltered decoded
frame f rromdgieastel vy amansiiard ter edtding 36 f iddedied:
frame and a switching neans for receiving the
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41. An apparatus according to claim 40, wherein the
switching means is responsive to the encoding means for
selecting the unfiltered decoded frame or the filtered frame

for transmission to the encoding means.



