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I nternational standards for digital video conpression
are known as MPEG2 (H.262) and H.264 (MPEG 4 part
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a GOP is labeled by the encoder as an intrafrane, a
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in time. A scene is a ser%es of frames describing the same
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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 compression
standard, such as MPEG2, the encoder divides a video stream
into sets of related pictures, known as groups of pictures
(GOPs) . Each 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
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[0005] In this conventional 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.
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{0009] A simplistic 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
stream must then be large enough to accommodate the most
complex frame possible, when in fact a gimple frame, such as
a picture of a blue sky, 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 td 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
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whaere ra@gdesErdik@]1 values. In accordance with this approach
each MB is assigned a quantization scale factor (Mguant) 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
quantization methodology with which to test bit-stream
gyntax, 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.
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for all MBs in each picture (see below) .

[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 required to
encode a picture (Bs:), 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 Bty multiplied
by the number of MBsg 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,



remai ni ng, the type of picture being encoded, and the
conplexity statistics of recently encoded pictures of
the sanme type. The target bit allocation is the
nunber of bits TM5 anticipates will be necessary to
encode the frane. b) Rate Control [0014] If there is a
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mgﬁﬁi %éatlorlgyﬂggfgn o) Lpatlal activity (act;j). The
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_actj) 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*actj + 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 (Mquant;) .
Mquant; = Qy*N_act;

Generally, the encoding algorithms recommended by newer

compression standards are more efficient, but they are



c) Adaptive Quantization [0016] The nacro- bl ock

quanti zation step size is further nodulated as a
function of spatial activity (actj). The macro-bl ock
is divided into four 8x8 sub-bl ocks and the spatial
activity is neasured for each sub-bl ock. The small est
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agai nst the average spatial activity (avg_act) of the
previously encoded picture, The m ni mum spati al
activity neasurenent is used because the quality of a
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cggggezan achieve for the same video quality. Therefore to
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 sophisticated 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.



hi gh coding efficiency is desired, there arises the
m xed use of both ol der and newer codecs. In sone
applications it is desirable to re-transmt video
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achieve for the sane video quality. Therefore to o
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[0021] . A method of transcoding pictures of a compressed
‘digital video stream, each picture being encoded according
to a first encoding algorithm and having a level of -
complexity, said method comprising: decoding a first picture
of the compressed digital video stream with a first decoding
algorithm to produce a decoded version of the first picture
and to measure a first value of the first picture's
complexity and to determine the first picture}s picture
type, estimating a second value of the first picture's
complexity using the first value as a parameter, and encoding
the decoded version of the first picture with a distinct
second encoding algorithm employing the second value of the
first picture's complexity and the first picture's picture

type as parameters.



picture's conplexity using the first neasured val ue as
a paraneter, and encoding the first picture with a

di stinct second al gorithm enploying the second val ue
of the first picture's conplexity and the first
picture's picture type as paganmeters. [0021] A nethod
of transcoding pictures of a conpressed digital video
stream each picture being encoded according to a
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measured value stored in the value storage means for
adjusting the size of the encoded version of the picture,
wherein the first encoding means encodes the picture by a
first encoding method and the extraction means includes a

second encoding means for encoding the pictures by a second

entoding method, distinct from the first encoding method.

[0023] In accordance with a fourth aspect of the invention
there is an apparatus for transcoding a compressed digital-
video input stream composed of a succession of encoded
pictures, each encoded picture having a plurality of
characteristics associated therewith, said apparatus
comprising: a decoding means for receiving the succession of
encoded pictures of the compressed digital video input
stream and employing a first method having a corresponding

first encoding method to obtain a succession of decoded



the pictures of the input sequence, a val ue storage
means for storing the nmeasured val ues and the picture
type of a picture in the delay neans, and a first
encodi ng neans for receiving a picture fromthe del ay
means and encoding the pictyge, the first encoding
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[0024] An embodiment of the present invention provides
rate control with a picture-based lookahead window for
encoders/transcoders having mixed codecs in a dual-pass
compressed video architecture. 1In a transcoder, where the
input video signal is a compressed video signal, statistics
are extracted by using a simple compression décoder to
produce the statistics from the compressed video signal; and
in an encoder, where the input video signal is an
uncompressed video signal, statistics are extracted by using
a simple compression encoder to generate the statistics from
the uncompressed video signal. A trans-factor is calculated
for a current picture based on previous pictures in a sliding
“"past” window to predict the complexity of the current
picture, the trans-factor being a ratio of global complexity

measures for the simple compression standard versus a



corresponding to said first nethod, the encodi ng neans
being responsive to a neasured value stored in the
val ue storage neans for adjusting the size of the
encoded version of the picture, wherein the val ue
storage neans includes a ng@ns for nanipulating a

ed value of a first characteri tlc decoded
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all ocation and better quality is achieved. After
encoding the current picture according to the

sophi sticated conpression standard, the actual bits,
the picture conplexity and the trans-factor for the
encoded picture are updated as the past and | ookahead
WP RAWHMW41S8re shifted by one picture, i.e.pct/ihso@nsased
pi cture noves into the past w ndow and out of the
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W@] ThaSoBPeets advartaasssanhdtdehenovel deatures of

freatleesntofi nvbhe: oy %%%ni%;m\éﬁet%% e apparent from
followng detailed description when Tea Pn

he (
‘%e&rﬁl&ﬁétée@ﬁr&mwrt féen appach dadceriines iandvitit abhed

RN 88 So1 BRE B DESERERId QElaQEanHE SEVERAL Vi EV\S. OF
THE DRAW NGS [0026] Fig. 1 is a block diagramview of
a dual - pass encoder/transcoder architecture

| NPBRTBEM DESCRITAIONCORt Y sEVERAY, H#TRBHSIAF anRaselines
resent | nvention.

(9957 “Fiegd 218 3" Blotk captan ebptan rdues oo r o

Hogdes (thamacodsxliarghl bedtirePL ASRAent ANG N AN coh AAS]
Q. lS a conceptu view of virtual _sliding
“@it%d%v%l‘%&:l% ?‘?ﬁ%‘% :‘Sg}fﬂé"—aﬁr HSRIRY RGRRTtsh toDEFAI LED

PDESSRE HAveht {n . THE | NVENTI ON [0029] Fig. 1 illustrates
e conpression

coder. /[t ranscqd hayi.ng a._sinpl
%gggger %&éf o?qrsegeﬂ/?%gc gﬁg \Gleeé"oﬁ'rrt[ﬁﬁ P& GRpFERSed
ajpgebthet reaprdimgotedtizt goedeinty irveat Sémpl €

@0 essi dar s, MPEG2, to produce an
[unggfnpr egggds%/?%e% g?xb%%%ngﬁd"lre& S el R Et1ET
wARd@rsh erording tei hipt eoresapt egsieohiemcoder 14 recei ves
an unconpressed video streamto generate rel ated
statistics. The statistics are input to a | ookahead
wi ndow nmodPETAILEDf BESCRIPTION OF THE INVENTION

[0029] Fig. 1 illustrates an encoder/transcoder having a
simple compression 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 receives 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



processing by a rate control algorithm described
bel ow, while the unconpressed video signal in either
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[0031] Both 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



video streamare input to a switch 22 which selects
one of the streans. The sel ected unconpressed vi deo
streamfromthe switch 22 and the bit allocation data
fromthe | ook ahead w ndow nodule 18 are input to the
sophi sticated conpression encoder 24 to produce a
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10) The sophisticated conqgession encoder 24 also
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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
quantizer 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 pidture before

second pass encoding.



standards. In nost cases a picture or a group of
pictures (GOP) that is relatively conplicated/sinple
for the sinple conpression standard is al so
relatively conplicated/sinple for the sophisticated
conpressi on encoder 24. The conplexity statistics
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and delay module is designed to contain two standard GOPs of
fifteen pictures 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.



the nodule 16 is |imted by the size of the nenory and
an all owed maxi nrum del ay. A storage |ength .
corresponding to at least two GOPs of the input video
signal is desired. For the purposes of this
description, it is assuned that the storage and del ay
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eperdi@g requires more bits than are available in the virtual
buffer, then the amount of pre-filtering is increased so 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 uncompresged
video signal 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.



to encode. The sophisticated conpressi on encoder 24
enploys the switch 22 to select either the del ayed
unconpressed video signal output fromthe storage and
del ay nodule 16 or the filtered video signal output
by the adaptive pre-filter 20 based on the rate
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For exanple, if the virtual, buffer is approaching ful
and the rate information 1 ndicates that the current
[BP38lr e FBR raffcEarFEPlr cdap¥Hdmised bikys waka®f ar e

iavakd akligni nid BR¥Erddahe BLdd %dei henhhe anmount of
pre-filtering is increased so that the virtual buffer

speestifGtiever fMGW AP tahéo‘FPHJ@rtéfdmeWGrrEP ezE@taredeo

thBgd@itEdesr %a@ﬂa%)léthtﬁie bSd ed'lf‘e?ldggts ld qubhel £di$nnO
danger of virtual fer overflow, then the current

Pﬁ?ifﬂ%ﬁeé 8T s$3GnByoaseck R ckheoifuhbless (Ofekbel wirtaRl
bhirdhe hattws teuaBéoddie coREL@ISRthMI G@0rsd gnal from
g st.ora and de] ay nodule 16 is used as the input

ip ?maé?ﬁEBdi@“ HBGEVEE ViSRRI SHEPY! atfd 24Bi tphis) from
thﬁ angiodgdt demprieisbé® rvdlﬁbbeﬁﬂféhnﬁﬂﬁgoﬂhé\&feblﬁﬂéﬂ ngbet ween
t he .unconpressed, video. si and the filtere
eﬁ%%cd%ﬁﬁggg%ed S\Sﬁagé%t%‘i BPug vﬁﬁ AR P Y Ry fheadopt a
comiéran Cn)rrptﬂ'ns @htoder e:snﬁu@.lﬁatgaal al]f @hePiaf$k@Btion
IS av0|d controlllng t he

f
aﬁéé; %&Fter Vld?% ?%3§a Vﬁng % ﬁﬁgg F8 filtered,
uangmpzeheedpwxdeoreBradm whausme|aump$ereﬁbadencrﬂ;should

=SR2 8x LA Ba0a b 2ot st ags et e foBse
CQﬂﬁ?“ﬁateThﬁnnﬁﬁelCQﬂR}@ﬂlBkmnnm&@d ibyluwieyg bfo parts:
il qStrféké"] ahé”tg¥%ﬁgsgfhgr¥% ?§§?{£%1§% éLéégg%Lon

spe0|f|cat|o es a conple re 1o
al | Gcat Bake afgenrd tSsFraﬁmtwcﬁOpllcituraélan@Itxdmn sets a

fuI ?}nbéé‘éé&n eSS gbuf% gg.gt I'n %ﬁ d‘ﬂ%ow nd 2

ess_of the virtual e transco
fqﬁy;p,gb*@&q93wlad¢w(ﬁretmélntalned to update the statlstlcs

after each picture is encoded. Note that the past 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:



i nformati on about the input video signal is avail able
from the encoded conpressed video streamvia the
decoder 12, especially the statistics about the
conplexity of the input content. In the encoder
configuration all the information about the input

WO wessisynal i s avail able fromthe unconmpcessed/osiigko
streamvia the sinple encoder 14, especially the
statistics about the conplexity of the input content,.
The rate control algorithmincludes two parts: 1. Take
"past" Aferepst qeantigpt tompearmeleyy daient bration. sTekke

sidelt B6L" "eathabi Sfdxes for bit allocation. Both processes
are adggtive and a past sliding window and a future

sl i AF ngPWibHdoRt et £ oraPRtaitieduE®- updat e the statistics

after emclupbCie (15 enanded: dokeiRal Lhe past
sliding windowis |located in the | ookahead w ndow 18

Tteg g ¢t aFe vsed dPRCHidatios dfokhe etnyt vhdeo's
cow@PBk 5ty ,C aheUe CIUER €S5eUYdsCBROUSIctAde CASM ldaY 1O

rior Iicgtiqns tgat used sliding_. wndows which
u#ﬂcﬁ% SPRAT UG LR T esPhY SUCPRE %% ndows  of

the present invention are picture-based, and nove
o OB BroTGRgAn oach prcture, (0033) The rate
[00%1 act icompléhtycprplitxtion pseth qirednst (€he Riotplexity
os2h! BEEIAR Ty 00 Al S StiCo, L 2 (), Sy ot o
(M\P_EGE,&I)IZEMM tomgltexi ty VBR)i csahe@athe dnplt Hechgl ekt Gt
ool LA, (OB ATl TR0 BT ACOPLESE R
isj pfedimtedony i thatobE ethe preP2)Picdb44 58 the same
tyggrré#gt% 2?5@%%&%? Fz%\j?i%rr? g\%{g%ﬁg%ngg?ﬂ% L)%ua]:té%gnh@ pi cture.
pigtuxgispgempl el thol s epustdigted wore the basis of the
complexity of all pictures of the same type in the past
window. However since the statistics 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 beﬁween the
sophistication of the two standards and/or the two bit-rates.
The trans-factor is calculated as 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
picture 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



3. Picture type (I, P, B) for each picture. I_terrsll
and 2 are used for calculation of the input video's
conplexity, while item3 records the picture type that
is wused by the sophisticated conpression encoder 24.
(b) Conplexity Prediction [00411 Conplexity prediction
Was200405¢a58di ct the conplexity of a currenpCipusaéosnidiss
froma prior sinple/sophisticated (MPER/H. 264)
conplexity ratio and the ing)ut conplexity of the
current picture. In TVb thé®current picture's
wiandeweks tgenerslly dditcerdtimn that of ohgg qmif\plifﬁut&f]e and
Il UE f n embodi.nent o
et Top T Ran S AT P oY fonsk D0 STBRE TN pptofea by
PreedPEbE isatedenisades ¥ andeareoriphdri tiye glasal tlzi(.)ndow.
' res h ' e - OW. wever
s the Soatial Fos e eieel Al Gt ain il JEoY iR e
HiGtHEES aleall] PerBhetursst had dfgBr tymwmpiatuies f gom of
tan@atd o, a8k MesiehEH BG4 . here as trans-factor, is
introduced to take into account the difference between
t he Ns“o&ﬁi stication of the two standards and/or the
two mit-yates. The trans-factor is calculated as the
avergage of previous sinple/sophisticated ratios and
IS ulg’dét d after the encoding of each picture.
Becamse ofi/Mhe i £f erem) ]Pr@perg g€ olf Ioll Ifgr ent
ictyre , the trans-factor is calculate
Pnde%’eﬁd&%’tpl TdPP eacH gitctut e type= $0042] The
conpl exity prediction al gori th has %vvo st eps: EOO431
| cu e_.a._curren r.ans- tor for a curren
%P%iﬁﬁre g‘gﬂ/ga?/teorrg Fn%néprdtf\}%d? 8nd® f SRAGABS [ HERRE - At
Fphetiegidnarnepioh, aivivddd becuenumedt ’_Oha_bf_thle mo?ule 1fso?'s
CRAROLLY ode s three initi val ues
dtgﬁe tréi%s-%act gr,gt%:%?’lfgsgéﬁ%'i ng’ t ?ﬂ‘% V?BhF%%repﬁe@ttuF]%e
Letpegiumper pf IB) Pragbd@ctiypelpictilres avempageively in the |

teatn Hagt & Qvebady L3agt sliding WO 2004/ 054158
ST Sad sy eadid

Wi = WN; =2* (1) = 2
Wp = W(Np) = 2% (4) = 8
WB = W(NB) = 2*(10) = 20
[0047] The trans-factor T of a picture in the

uncompressed video stream is calculated by averaging the
trans-factors of the previoﬁs Weype 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).

Trcur (/WD Tisiwr1:5T1G) = (1/2)Tisi 15 Ti(G)
Tecur =(1/We)Tisj-wp+15TBG) = (1/8)Timjr-»Te()
TBeur =(1/WB) Y i wp+15TBG) = (1/20)Ti=j-19-5/TBG)

where j is the picture number of the current picture.



wi ndow is generally better than that of only one
picture and takes into account pictures that have
al ready been encoded by the sophisticated encoder 24
and are within the past wi ndow. [0045] A GOP can be
descri bed as containing NI | type pictures, Np P type
wo mbasess and NB B type pictures. For a sperdseoddofsada,
as described above: N=15 M=3 N =1NP=(NM -
NI (15/3) - 1 =4 Na=N- N - NP=15- 1 - 4 =10
@46] The storage and del d?f nodul e 16 contains W
Fdtort Bi steliageussd oiglayt module D6 eisstiredtabhed two
D S e andard COPs.
R0 vt e LE b AR S S SRR ane
IBevjpes girangr actarspace i amsirpged fidwe ansr porage andymgel ay
I =2* (1) =2 W =WNP) = 2%(4) =_
;JIQ@HJ:@ l]e\(%fewwe%” (10) = 20 [0047Y The trans-factor
['Pé’ﬂ?] of &-pi c?{ﬁcblcltnctlh’éentuneéhqmeé§sedmmle}ectyst reamis

kol at edrby avempagipg ﬁl%%uréé anggf @ﬁ%Pénct ?; kﬁfe SB)

previ ous Wype pictures of the sane
SPﬁélﬁ‘Eﬁﬁ?é'ledofOIBrWFéusCQ%ﬁ?él??ac@br,s tiha?lr §§4é is then

Pt gl fliemnﬂuee%ékuw d Remb oL aloz”MﬁE@é uln@h%i{{yes

of t hat pe in the storage and del ay nb
We He) O#u%/aa} us(#”ﬂ\/\ﬂ)‘ﬂ‘ﬁ %\Fcir:lza}rrﬁl-éyceor( 1T2yY fe- 1->;
aﬂ:(:bﬁrlaT:BQW scd{1¥ YRy Zs i Wpéémﬂemgy_factor The trans-
> TP~)  TBcur =(1/WB) Ei =] - wB+1->] TB0) =
%E ‘?%)% —P ':‘1394% P?Btﬁe%?étee priher Al ptaduPE Aurieht
faétdnhe(l«mr rentakpe dintbeacdIn2004é Obikkadent quality
PCT/ UsS20 3/ 391 04811 For a storage and del ay
ufeme %éﬁ %i%ﬁ?g?q] H}ﬁﬁ re types. Thisg weight factor

has been empirically determined and is a 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.

X1a = X12/Trcur '

Xpa = Xpa/Tecur

Xps = Xpa/ (Tecur*Kae)
[0051] Kas is larger for a well-predicted sequence, i.e. a
sequence without fast motion, and is smaller for a Sequence
with fast motion. Ky, is set adaptively after encoding each
GOP in accordance with the ratio X;/Xs 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 Kg,

X1/Xs Ka4
>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,

P or Btype picture respectively. [0049] 2. Predict
current picture's conplexity [0050] For I and P type
pictures, the current picture's sophisticated, or
WPB@Os4160Nnpl exi ty (X114, XP4 or XH4) i s theor/usaeedssatsed
fromthe picture's sinple, or MPEQ, conplexity (X12,
XP2 or XB2) using the upda gd trans-factor (Tc"r) to
appropriately scale the si %‘pl e conplexity factor. The
kY088 - f dex prindigleB typesqmhdsuietedr eohpldhigly Xy, for a
mdjust [ r 4). 1. ake .int

.aéﬂgggn ttlt%)eéegtin%‘{feag Ie%tr%t a‘gua tl%td ygl;%eqwﬁﬁggheﬁ cstofro?K"“)' but
i frerkean pprerdirtdatypess iFhinstvedagssatucimprakascdeen
enpirically determned and is a function of the ratio
of the current GOP's | type sinple conplexity and the
Av Bt l9cABL@ conpl exity of the GOP's B type

WSS I €5 51 KIALFo KL LT Iy neXBhacn XR2LIPCHye{BanT XB2/
(Tscur*KB4) [0051] KH4 i's larger for a well-predicted
PIEHUERTIEYSF : o Pigtugaclasifze brpakrtthef §RP brywidenmy amdl i s

pﬁﬁﬁbfﬁﬁ HE@Eeﬁ-@HﬁiU@ﬁﬁfiayﬂrthTﬁﬁ§ti§TB$££EEuﬂg§&yiS set
e?%agtwel y after encoding each GOP in accordance wth
BT HES FOXIFSMBWAERRISEL Ianbh ey idee phEnalavifige

adil ophiei wOBRS exid ¥tepsal | | and B pictures in the
GHBLET, S paleE e SR LER L), CoLer 00l el e,
[PO52D04/ @hd 1-JeETALEZ 0Q3) V3N 84ts206d0Q32] thd pictures
c f‘:}:gr(l:tllgrl %éféxhe%c%cc)ip:rl]lilSgliecast.l.ggir%) oloiza(lizé d)gvli%dfogris?
calculated based on the number of pictures in the window
(Wg) , the constant bit rate (R), in bits per second, and the
picture rate (F), in pictures per second. '

Tw = We(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 gliding

lookahead window.

By _tar(k) = Tw*(Xa(K)/Yi=0->wr-1X4(k+1)

[0057] This calculation essentially identifies the
proportion of the target size (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 size
of the current picture when encoded is clamped to B;(k). If

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



P type picture may al so adjusted by a weight factor
(KP4), but it has been found that this is not
necessary in practice. c) Bit Allocation [0053] Bit
al l ocation may be based on GOP-|ayer and
picture-layer. Picture-|ayer breaks the GOP boundary
vemzbod/gsersg or ns better than GOP-1ayer. Thi SPCBUS2003/039184
particularly effective for scene changes in the video
signal. Bit allocation has two steps. [0054] 1.
Al'l ocate target bits for cUffrent (kth) picture [0055]
Thee Kthr pittisiezés(Fw)ll Bp chi(ks, Hooevar it He pledddyenown
I fer in,the.sli,di ng | cokahead, wi ndow
AL EPe 05 SESEE Wb STt Y BReR rdu o s
wietohen (8148 encthéimprstaatlbitbkeatmElade)., This hilkgepes a

SE&AN e, Pl ctu rate (F | N pigctures per. -
secongt.l iiw :tan?hr?%:%ﬁ—.[ BSEG%L?ﬁ(énQ'jtrh&eowt'a#é%%ea}fgﬁgrfﬁje?dow
pfzepilestiimed(ik}ed tto beke diheoeate Hios Lo kickount.
picture is calculated by multiplying Tw by the ratio
of the current picture's conplexity factor to the
conplFeis+ly Fa%t(gﬂ bfBagdat (W he Bil&dures in the sliding

| ookahead wi ndow. B4-tar(k) = Tw(X4(k)/5

0- >WE- 1X4(k+i)) [0057] This calculation essentially
(WS8R fi s t RBaPpitperenbiFasionrnd sngedinrg Z@METw)
tdvato] shoueFobe ais@siingl ve,l e EiiLMs RIfCLHE &y L LR ST ZE

of_ the, current gicture when = encoded by the conplex
6T Yy SAMGBFEE AT £/ nBt BodrAeRensentady: be | arger than
the size of the current picture when encoded by the
sinpl e conpression algorithm (B2(k)). Thus, the size
of the currents pi € uf %ﬂﬂhén(%ﬁéﬁébﬁ)%cﬂtan})ed to B2
(k). If B4t.L~: (k) does exceed B2(k), the nunber of

i%g ar, et.ed fg& V[)% Q4/ 054158 PCT/ US2003/ 039184 21
"RES K 1 Bi WRUAETPET 2F PEBAITRErekFd P EGering 3ld MBs
izl thadpidenewnup to and including j, MB cnt is the number of
MBs in the picture, T is the constant bit rate (CBR) per
picture, do is the initial fullness of the virtual buffer and
dj is the fullness of the virtual buffer at MB;. The

reference quantization parameter Q; is then computed for MB;
Q = dj*Sl/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 values

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

where



that the smaller nunber B2(k) will be the upper [imt
of bits wused when the encoding actually takes pl ace.
Thus there is a known surplus of bits in the target
wi ndow. The target window size is then nodified to
take the extra bits into account. TWKk+l) = TWk) + B4
WO 2004054158 B2( k) [0058] 2. Adaptive quanti zet1/0820@08b184
encodi ng (TMb) [0059] Before encoding MBj the

full ness of the virtual buffer is conmputed for I, P,
B i ndependently: dj = do +%8j 1 - (T* (j-1)) /M cnt
wher eblBj = |(k/64)ﬁ§k=ﬁ}m@@*r Bfmbid.® generated by encoding
all MBs in the picture up to and including j, M cnt
is the nunber of MBs in the picture, T is the
aggnstant bit rate (CBR) per picture, do is the
initial fullness of the virtual buffer and dj is the
full ness of the virtual buffer at MBj. The reference
quanPimedn.en(lfed) dret-ePy is then conputed for MBf Q
= dj*51/r where the reaction paraneter, r, is r =
2*R/'F Adaptive quantization: [0060] The spati al
waere R tis tbe MBfelf goay flewell um nance

Iﬂbﬁtﬁgﬁla(irg 2%@@1 sub-blocks (n =1 . . . 4) and four

['um nance orgam zed sub- bl ocks (n=5...18)
are N_cémfﬁpu? ed2dgichg trhevarda) dhcpi xel2vatquestacts =1

whefk bl k1, g/h!rlgzaﬁr \(;Q%&g(leﬂg% 2{01_904{0554158

PCT/ USZ003/ 039184 3 Kn =
PAERREe tpobegerrAedean,, = (1/64)*Y_k=1->64Pkn where P

Thgntglgugitxg&ug{@yaépvel . Then normalize actj:
mguanty; = 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 mguant; 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.

Xra/X14

Tp[current_picture SN] = Xp;/Xpq

Tr[current_picture SN]

Tslcurrent_picture SN] = Xp;/Xa.



N actj = ( (2*actj) + avg act) / (actj + (2*avg act) )
where avg act is the average value of actj for the
last picture to be encoded. Then adjust nguantj as;
mguantj = Q *N actj The final value of nmguantj is
clipped to a range [1 . . . 51] and used for the
W2064/054188 i on. Delta QP shoul d be clipped poru$2e@363926] ,
as defined by H 264 semantics. Then encode one MB

wi th nguanti and repeat thi§. step until all MBs of the
current picture are encoded’ [0061] (d). Update
ieceufe - chnrpiekifey rapdeseninshbacomplekoty fessturentasathe

i @t u [ i nd trans-factor
Por LR e o DL T PRl B et o i B8 o e
Srtﬁnfiﬁédsﬂ*-&ﬁﬁb stresp:wi ndow for use with future
pi ctyres.g[8Q63] 1. Trans-factor is defined as the
rati g of g obal conpl exity neasure" of correspondi ng
Si np?{%* ant«Ixophi sti cat ed conpression standards
pi ctyges.sgldg [ Ccurrent _picture_SN| = X12/X14 Tp
a!ﬁ urren i¢ture SN = XP2/ XP4 TB [current picture_ SN
it x%é? 1A 2254 6 585 85 e CTH UG 803 /8 3184 On2 Bovihaspond

£$14he XRE iaf g1 B4 JrePRE S@IHrebPEN P l;@éﬁéi}ti%%aéff&% fi@le
B gi cture _of the output, "sophisticate

Sggﬁiﬁ Ie%"éﬂ%&ﬁss IhFGAPPYH BBEF25t ream X1 4 = S14QL4
[EP44E SPAQPA s = SBAR4 aneid rt@rggfitgm{rgﬁgn%Oé 514,
R e e TR N
adijwpt e thenpasssi eizstahdaedl $dPREG2Rd window, Ty, for the
(k+1) th picture after the kth picture is encoded in order to
account for any difference between the actual encoded size of
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.

Tw(k+1l) = Tu(k) + R/F - s(k)
This adjustment is done in order to maintain the proper level
of virtual buffer fullness and makes T,(k+l) 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 Wy and target size Ty both
decrease. After encoding each picture the trans-factor, T:,
Tp or T, 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 is 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



[0064] 2. Since a picture's bit target (B4 tax) is a
function of the target size of the | ook-ahead w ndow
we adjust the target size of the |ook-ahead w ndow,
TW for the (k+l)th picture after the kth picture is
encoded in order to account for any difference
vwetoesniss he actual encoded size of the Kboriedsesaass
S(k), and the average encoded picture size, RF
where Ris the constant bit rate and F is the frame
rate. Tw(k+l) = TW (k) + R* - S (k) This adjustnent
standend ¢ompdedéty tic datemmﬂnedthﬁﬂrﬂnﬁpeédlfnuﬂhe ggst
a

' ff | ness and es,. T, p(k+l)
r ﬁégﬁ% %ﬁ% ttgl{ g%e 280011 ﬁga F%%cka%lgad %WOWFBWG s
Laltéat ted myet headrid inbogste flookalltEacX Iw:thads»h Hal ckuéaminef
d "ﬁ%w' Qahﬁlei%‘ag thd QRlgdyL! ”éﬁee gaet al ghe end
cet éhea MAn

of the “seque he "l 0o
engegded l@ecp@ewﬂhmtdmrrdetrm@sereAfter encod| ng each

Riogkyr e Lifial LANSIAEHE vl iod TRy 146 Lxpdated

all the predi'cted conple ues
@Itbd? rj ahiurgobaade S&pdmgeduaéowedd SippDBH; As

ﬂﬂahHé&ing@’@nb@dfﬂgg frgmt$%1 9@5 CL Q5140 sﬂ%nd?%gdto a

determ ning the conplexity current prcture to
%Qﬁébﬂ%9QQ§e%a§%mPHﬁﬁ§h°Prﬁ$%@¢ér@ghy(ﬂktrthlngaﬁsatawﬂxmss

£o@" at P BAEN LI q;s%g Eﬁ/é’eslhlﬂlé heRagls WY, xvpa' By
Bas

the bit allocation for the current "picture is
USHBY oRR SrFTackathisERFistice end pirtual eeuffient Iﬁellness to

cbﬁ@k@h%ado%ﬁé@\@re“ﬂﬁfer gacheid %@Bﬁ%féss%ﬁcggﬁgo then

hi d WO 2004/ 0
Sp7 [ P SR NG S8 SAGEAEFE S paR: topTee

udeor@szmssed ahtkertighel Udinghe fasis- cietsiownwbhl £5 tHhe

h t. A icture' s_ statistics
rgLﬂ?fgaoeabantg 'E8x+ g%ﬁﬁﬁ%ﬁggﬁﬁ%bﬁf?c?%ﬂ@@@rﬂ?%e a

sopin forpkedi ¢omrfressidre gm@fl@tlécﬁ$thh&aﬂf§(tplﬁtﬁiéﬁ &ik8 a
s?fdir@%ggggw bo%corrgfcénlzqr% )l?lrpgleq:tur% ggglse, updating the
trans-factor and sliding window for each picture.

[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.
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[ 0066] Thus the present invention provides rate
control wth a picture-based sliding windowto
sinmplify transcodi ng/encoding froma sinple

conpression standard to a sophisticated conpression LLOYDWISE

standard by extracting statistics for a video signa
usi ng the sinple conpression standard, by using the
extracted statistics and virtual buffer fullness to
control a | owpass pre-filﬁ&ﬁQW§ t he unconpressed

video signal, and by encoding the filtered or

unfiltered unconpressed video signal using a

trans-f adt arebiicc o fi @ndvel ingtdictofregl sifalarcomstagigssed

measures for the sinple an saphi sti cated conpr i O
dl@é&@ﬁat"éﬂkﬁ arrfafe ’ctet?rcg‘s \ﬁjtpchhC He g'l%} Vgl%ngg ‘—JI\I/Tvl.'pl negge\g/’vl ocgr:f
compieGdie- iRl Gl dasinprididatd ng the trans-factor

and sliding window for each picture. [0067] It will_ be

appredilatiedd fatt it i MicHtioh 9% Tt UieRtRicRses tdtgital
vitélln%gJ pasretdl,l%%caer S rﬁ'}éstt %%;J@LSUQ@% fesaiided first

that” variations may be nade therein w thout
vadepardfi riche riomdthe sicoperefs tdwenp Ireegiity emdastdefdsiean the
in the , appended cl ai ns and equival ents thereof.

figftes PiHe! ont SACEUhdiTeH%es ot herwi se, a reference
N & Glde iy thesdnbshervofue idstances: 0t arp el enents
be it a reference to one instance or nore than one
campslteice;, Usiqud ridwe il ftadieadired e uinber Ppfameter,
i nstances of the elenent but is not intended to
clude fromthe scope of the claima structure or
met had- R o r &l r 4 Mstaineesrofwittata ed esteinct heacond

stated. LLOYD WSE 25 CLAIMS 1. A nethod of encodin '
a%ﬁQﬁ%ﬁQﬁ;%ﬂp%ﬂv%nﬁxﬁﬁﬁeﬁgggpdcﬂiﬁq%ug%i & ggaﬂénd%%cgure s

céﬁﬁi& 146} Wik hayd ngs B4 evel c0fr & £ et d Yoyl £k

od conprising: analyzing a first picture of the
pawrmonpressed digital video sequence with a first
algorithmto nmeasure a first

2. A method according to claim 1, further comprising:

analyzing the first picture with the second encoding
algorithm to measure a third value of the first picture's
complexity, and

storing the picture type and a complexity ratio of the

first picture.

3. A method according to claim 1 or 2, comprising,
prior to encoding the first picture with the second
algorithm,

generating an encoded version of a past picture with
the second algorithm, said encoded version of the past
picture having a size, and

estimating a value of a future picture's complexity,
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value of the first picture's conplexity and to assign
the first picture's picture type, 10 estimating a

second val ue of the first picture's conplexity usingLOYDWISE

the first neasured value as a paraneter, and encoding
the first picture with a disjinct second algorithm
enpl oyi ng the second value of the first picture's 15

conplexity and the first picture' s picture type as
par amet hsrein Ahgeied é@b@ﬂﬁQanﬁgt%@wﬁﬁr,tflﬁ%qﬁﬁre

wi%%nE%%SE%%bnda%ﬁﬁbyﬂﬂ%ﬂIf%ﬂﬁﬂéﬂ dInffrilse W th the
second encoding 20 algorithmto neasure a third val ue
of the fidesterpiictimoe'as tag@edl exdizey foandhst driinsg t i cture

pi cture type and a | exity rat.i t fii :
pi ctiirt&9 2893 51K Srfttho ea?@os%di g 1o i é\allr?{?n:1 1tH6:{ SétZS,tlmted
CONMRAEISINGE HHd Tuthreengaditng e ddnpdlte xpitot urse wi t h
the second algorithm generating an encoded version

of @aFasetsitdt-.urénfith the second al gorithm said

encoded ersion Pffhe: past 30 AiGldIReG HAMINY S &ize,

and estimating value of a future picture's
conpllexintiyhrl €YD ONiSEH 26 dnidsthemsiat udee sttegrgdt size as
encoding the first picture wth the second al gorithm

f ur thétd S'ses: determining a target size for the

first picture wusing the size of the past picture and

the estimated 5 value of the future picture's

conpl-exXi tetdwd pererstiers, tarkl it ot MR g step of
erg;'o%{ﬁnfgg.t%t e Lhe sqeond,  21,80m L Bl yd N ddies i st
I cture's target size as
produces an encoded version of the first picture, and the
step of determining the target size of the first picture
comprises predicting the size of said encoded version of the

first picture.

5. A method according to claim 2, 3 or 4, wherein the
first picture's complexity ratio is calculated by dividing
the first value of the picture's complexity by the third

value of the first picture's complexity.

6. A method according to any one of claims 1 through
5, wherein the first picture is followed by a plurality of
pictures of the uncompresséd video sequence, and the method
further comprises:
analyzing each of the plurality of pictures of the
uncompressed digital video sequence with the first
algorithm to measure first values of each picture's

complexity and to assign each picture's picture type,
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a paraneter. 10 4. A nethod according to claim 3,

wherein the step of encoding the first picture with

t he second al gorithm produces an encoded versi on QiLOYDWISE
the first picture, and the step of determ ning the

target size of the first pichure 15 conprises

predicting the size of said encoded version of the

first picture. 5. A netho accgr to.claim,2, 3 or

4, RREABRY 10K 2 SIECSRDivetice! e XY &'i% i s

coﬁi? hewligted oy n@_;' \Wadinng 1%Q. ke of iffists v aﬂabl% Ofad he
cture s conpllexity by the third value of the first

pamﬁmbmee’sammhpleX|ty 6. A method according to any one

o Pl SR e TSRS LACHLEINA b o

se‘é%@nﬁférl%ﬁﬁﬁfih\ﬁ depl1e8gueNcte atdrie vEldeoand yrildterre type
conprises: analyzing each of the plurality of pictures
ofpfeafie RLTENHS &5 EPIAUSHS vi deo sequence with the
first algorithmto nmeasure first val ues of each
picture's 30 conplexity and to assign each picture's
picﬁure\twaﬁhodiaadbﬂﬂﬂﬁﬁ 27 cstinmed,i gt see ol 2ien g -

of each picture' exi.t ng ach cture
firSOAYANUYSRER ﬁaf?% é’rll}/fa?ﬁdlscé'n di iy eac Sthh the
sl Rld b pinPiLtddes: i tdb tﬂ&s’i;ﬁee%onﬂu&icgwalmof the

enpl oyi ng the second val ue and picture type of each
copirdtanid yvast Qrarcamdt et ctArex méithod according to claim

gl’ urartéqler{%?c%@ Sét']%‘e ﬁﬂ?&tyﬁdqgj hexﬁft N&tio for each

ures W t econd encodlng
ofaltgﬁlgﬂhmaflqtrgﬁaﬁﬂjr eixctiad. val ue of the conplexity
for each picture, and

8. A method according to claim 6 or 7, wherein the
plurality of pictures is followed by a second picture, and
the method further comprises:

analyzing the second picture with the first algorithm
to measure a first value of the second picture's complexity
and to assign the second picture's picture type,

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

encoding the second picture with the second algorithm,
employing the second value of the second picture's
complexity and the second picture's picture type as

parameters.

9. A method according to claim 8, comprising estimating
the second picture's second value by dividing the second

picture's first value by a translation factor.
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sgoang rhe picture type and conplexity ratio for each
of the plurality of pictures. 15 8. A nethod accord
toclaim6 or 7, wherein the plurality of pictures {EbYDVWSE
foll owed by a second picture, and the nethod further
conprises: analyzing the seggnd picture with the first
algorithm to neasure a first value of the second
picture's conplexity 20 and tqQ assign the second

pi ctlr ePsMSTEPGr 8 CCPFE NEs tOmEt P d SE8BRdSH&%e of
caiR815850Rd tRICLUerS  SQIRLEXI LY tUSInRY akthrf izt cwaldie

as a paraneter, and encoding the second picture with
avehe gsegondealsgorieth momgieixdivng atthe ss eceed hedlage vgfth a

he secaqnd. picture'.s, 25 conplexity and t S ng. .
SUEréF YQ%S%BFCpﬁPéagﬁﬁg 8¢ g§F§§€F§KSF .gitﬁg%%b%elng the
pi2¢CeLdi R a0 hah@l Men eordesi By esid matdong alk@rithm and

second picture's second val ue by dividjng the second
hage phet Geaes PRCLSIrey AYRE B &N &F1°8G o UG-,
LLOYD WSE 28 10. A nethod according to claim?9
conprising calculating the second picture's
trandl.ati arthact ercdoydiagertagialgirhd Ost drued heanlaapinising:

rati os _.associated with sub-set aof .t I | f ..
o CPPA EiE¥e Hi SEC 0! R T 5 "B v s AP i/ 0ding
210881 reRc ededhdb e Seeand alaed Imanrd sdwirl t heicture's

same picture type as the second picture. 11. A nethod
coapdexdityy tamccl ai m 10, further conprising: analyzing

the secand pi.ctur.e w.th .t [

al ggr Chin% gc 1rlr(ﬁe sllfrt\e%lae t#%d%\%g%@l%t écrggerca(])t% of the
seioidur @istur@npl exity, and storing the picture type

and conplexity ratio of the second picture. 15 12. A

met hod according to any one of clains 1 through

12. A method according to any one of claims 1 through
8, wherein the step of estimating the first picture's
second value comprises dividing the first value by a default

value based on the first picture's picture type.

13. A method according to any one of claims 1 through
12, further comprising:

receiving an unfiltered version of the first picture,

creating a filtered version of the first picture prior
to encoding the first picture with the second algorithm,
and

selecting either the unfiltered or filtered version of

the first picture for encoding by the second algorithm.

14. A method of transcoding pictures of a compressed
digital video stream, each picture being encoded according
to a first encoding algorithm and having a level of

complexity, said method comprising:
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8, wherein the step of estimating the first picture's
second val ue conprises dividing the first value by a
default value based on the first picture's picture
type. 20 13. A nethod according to any one of clains
through 12, further conprisjng: receiving an
unfiltered version of the first picture, <creating a
filtered version of the first picture prior to = .
enc6gcRg inge of ifisStpi PRGEE TR Of the SORRTESEGorditdhal

vidRodRd geleching ;eiciheh ey Laree i@hnd ild §:Rfuce a
VErsion o t he Flrst pi cture for encoding by the

desedend valrgdoint mfi thed fiksret pdd tofret rads dodimegsure a first

ictures of a conpressed 30 digital .videg stre 03
Vagiu@t Qfe *B&i g T ?‘rcox?elt‘fstétl&?orsdic %P%e&l\éé % iarns?f té)né%{og&eﬁrgnll}]e
thal garisthmpand ravisngiathevel yofe, conpl exity, said

met hod conprising: LLOYD WSE 29 decoding a first
pi cegtdmett inige ac Gesoask @ lgigiafaltheyifded tst Ra&GhUAR I a

co%%ﬁ%&i %P%%E%%i%%%P&HEQEFR%IREPQ%P%.}aﬁ%ﬁ&ﬁ%ﬁd %ﬁﬁ?ion

9YD WISE

the i rst cture and to nmeasure rst val ue of

t he ehidostingl athyr elex odenp lvedistiyrand ttheddtierst nepiE uree with

first picture' s picture type, estimati a secaond
@ GG TG SRS B & GO SR Gehg e econd
vallleS bV alnde BS & PYidRLRIs athplencadi tthd henddetiadad

version of the first picture with a distinct second
piecodi 'y palajortiet Hvipem@sodargneiesecond 10 val ue of

the first picture's conplexity and the first

picture's picture type as paraneters. 15. A nethod

accardi ng e H@ignddd ifriyy tdeercleonpriidsi Myirtremalgipgi sing:

t he decoded version of the first picture 15 with the

sec @i et rig el FRIdan i Teds e ' Hir'dP valRie tiote
wféﬁaéﬂé‘geéaéaléﬁ%&ﬁfHH“HfBSﬂﬁbhﬁ“Hb measure a third value

of the first picture's complexity, and
storing the picture type and a complexity ratio of the

first picture.

16. A method according to claim 14 or 15, comprising,
prior to encoding the decoded version of the first picture
with the second algorithm,

generating an encoded version of a past picture with

the second algorithm, said encoded version of the past

picture having a size, and

estimating a value of a future picture's complexity,
and wherein the step of encoding the decoded version of
the first picture with the second algorithm further
comprises:
determining a target size for the decoded version

of the first picture using the size of the past
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storing the picture type and a conplexity ratio of the

first picture. 20 16. A nethod according to claim 14

or 15, conprising, prior to encoding the decoded LLOYDWISE
version of the first picture wth the second

al gorithm generating an encgded version of a past

picture with the second algorithm said encoded

version of the past 25 picture having a size, a

. d .
est PH&ECIUAG &NFalthe SF R dreSpicdt (re &Hddmd e%lﬁkure S
apdc¥%§ﬁ%&Qt %ss?%ga%kt%Q%gdi@Qthe decoded version
0] |

rst picture wwth the second al gorithm
further ecepringes:he3@iegedechiveingg ca todr géte dilzstf opicture

t he decoded versi o of t.he first, pi.cture usi.ng.the
si z&1 t%ﬁ’g ﬁfﬁonLdE@%ﬁWém f&lp&iog/tlﬁlrge tglr?dsftl%%tsecond
val yg efu e frilrged Riicllrg  peaeddty as

paranmeters, and encoding the decoded version of the
first picture wth the second al gorithm enploying the

firsy 5Apim%ttgiro%' Sactc%rrgﬁtrlr%Sit%e S 1% P ANl einl £heé step of
nmet hod according to claiml16, erein the step of
eneedeigng Hehef ifrisrtst ppiattuuree wiaitthh thee ssecored 2l gyoridi tthim

produces an encoded version of the . first picgture, an
PIORYCES §ter 6o ét 1Ty C’tfﬁetk}ea&gleﬁStsi fglcgtfuﬁeﬁe and the
stdgrefediamanslign nPfrHha gt f1iAd We wpIdcried version

predicting the size of said encoded version of the

off jtret fdinsttur &1 CIB1r eA GRIIHOE Sfc Aoradl g ¥y dAhd s of said
or_ 17, wher.ein the fiy.st pi e's conplexity
enrcé)tqleod i's '¢a Ocnuloaﬁlg%leb?nlﬁtf/i (ff)lncgctﬁee' first val ue of
%he picture's conplexity by the third value of the
irst pict ' lexity. : '
a In y S]&ng I pgfmuqr‘qehégsq.rgaoc% qeq),(glr% gtﬁzl 9c 1 aAi mmalt J' ,O dl Cocro rld') ,n %ﬁeor ein

the first picture's complexity ratio is calculated by
dividing the first value of the picture's complexity by the

third value of the first picture's complexity.

19. A method according to any one of claims 14 through
18, wherein the first picture is followed by a plurality of
pictures of the compressed video stream, and the method
further comprises

analyzing each of the plurality of pictures of the
compressed digital video stream with the first algorithm to
produce a decoded version of each picture and to measure a
first value of each picture's complexity and to determine
each picture's picture type,

estimating a second value of each picture's complexity
using each picture's first value as a parameter, and

encoding the decoded version of each of the plurality
of pictures with the second algorithm, employing the second

value and picture type of each picture as parameters.
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20 18, wherein the first picture is followed by a

plurality of pictures of the conpressed video stream

and the nmethod further conprises analyzing each of LLOYD wiSE
the plurality of pictures of the conpressed digital

video streamwith the first glgorithmto 25 produce a

decoded version of each picture and to neasure a first

val ue of each picture's conplexity and to determ ne

each picture's picture type, estimating a second val ue

of each APLEhWR S LM%Y thh USIiRD 18ACK Rt & chprising:

first value as a paranetéer, and 30 encodi ng the

deceded wersi direofdesactedofvetrisd opl wialsiaoh off thiectirnemlity

with the secan lL.gorithm. enpl Qvi.ng the second val.ue
°fand lﬁitt@trﬁrse wtlyt(y?fe%o SSRGS catrIp OIS gnpg\:roarrﬁa\ ers.” I_aL%\l(Brd

vaWh8E 0 £31 h20 .cofpIeidiad act@adhng dietela@ mnkd, further
conprising: analyzing the decoded version of each of
t he SHIOFE&G e & GFivdturte@ e e dEeatd f3goq tham each

ofttheﬁi%&%fit Qﬁﬁ @f@ydg%éﬁ the conplexity of each

pi cture and storing the picture type and conplexity
ratio for each of the plurality of pictures. 21. A

met hod according to claim19 or. 20 erei.n th 10
TTurar & SR At A 58 it P e ety the
pland ] ithe oret ad thirdshars GoMpidwees byaralsezdomd t ke cture, and

second picture with the first algorithm to produce a
thgededa®d &rgitdne rofc R i$&Sond picture and to measure

a first | ue .qf t 0 I gture' hcl w.e'
corrf?lnzjxl iy;éf'/lL nén&%teo S%%tozl?fr:n E% c?#gztes ew? gﬁ?d ICErgll%ctfrul(lrares‘scs Ja5_Lgor1thm
topipaiodiuee tay piecoeid meirsigna ofeddred sealanel ofpitdieirsecont to

picture's . conplexity using the fjrst. value as a .
meg & e fert I gt v od%fnélﬂ%ée&é’%eﬁvéﬁ%ﬁegr? GFIHEe °

cor@3@%d tR Gl @0 determine the second picture's picture
type,
estimating a second value of the second picture's
complexity using the first value as a parameter, and
encoding the decoded version of the second picture
with the second algorithm employing the second value of the
second picture's complexity and the second picture's

picture type as parameters.

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

the second picture's first value by a translation factor.

23. A method according to claim 22, comprising
calculating the second picture's translation factor by
averaging the stored complexity ratios associated with a

sub-set of the plurality of pictures, the sub-set being the
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20 with the second al gorithm enpl oying the second

value of the second picture's conplexity and the

second picture's picture type as paraneters. 22. A LLOYD WISE
met hod according to claim 21, conprising 25 estimating

the second picture's second yal ue by dividing the

second picture's first value by a translation factor.

23. A nethod according to clajm 22, conprisjin ,
PiEaMEGSatNRE PRYSsEESAd SPICCRTe™Y tHanSIP&A 6 a%&ard#%‘y and

hav@ %Er agiRg hilke ,§LOones L amPkeX e JAld 0 idssee at ed
Wth a sub-Set of thé plurality of pictures, the
sub-set being the LLOYD WSE 32 pictures that have

been encoded. by, the second.al ggri.t hm.an have th C
sa 4pi Hpghf§pgcﬁgrfﬂggég@oﬁgaﬁﬁbgéfe%uffiéil%ﬁ od S+h9-
accemndilig ihg Glhal Meddeluricher eorF itsiengecdnd encoded
anal yzi ng the decoded version of the second encoded

pigitergr @ik i heh s ese86h @ LAk BSfeader @ dhimd galue
vahue . _of the R 'S e ty, and storing

Oft%g%pﬁgggpg tf%g%gﬁg %hgkﬁgﬁﬁﬁggﬁgsaratio of the
secendrinet whe. piCt2ie Aypet kod! dadeorcdingg etxa tanyradne of
of clains 14 through 21, wherein the step of

Ches S5 hg A& WiSst picture's second val ue conprises

dividing the first value by a default value based on

the first picture's picture type. 15 26. A nethod

acc@ndi Ag med hasy agrersting dions a1 cowgh c125 M Urd Héyrough
210.0%%&%& 9 e Ps%tel n?)fa efsltli %rtq.q] V&R %r%ft t F:\LJEJ 's

pi cture from an unfiltered, uné%npresse version o
setchad Madtuepicimpre se20 dinviar rgo térecddimg tved ufd gt a default

picture with the second al%prithn1,and
value based on the first picture's picture type.

26. A method according to any one of claims 14 through
25, further comprising:

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

selecting either the unfiltered or filtered version of

the first picture for encoding by the second algorithm.

27. An apparatus for encoding an uncompressed digital
video input sequence composed of a succession of pictures,
each picture having a plurality of characteristics
associated therewith, said apparatus comprising:

an extraction means for receiving the succession of
pictures of the uncompressed digital video input sequence

and employing a first method to obtain measured values for
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selecting either the unfiltered or filtered version of
the first picture for encoding by the second
al gorithm 25 27. An apparatus for encoding an L}OYDVWSE
unconpressed digital video input sequence conposed o
a succession of pictures, egch picture having a
plurality of characteristics associated therewth,
sai d apparatus conprising: an extractiagn neans faor ,
theePdiFrAg th @ Is GHEEESTEF 16 19850 i & uPaS oS [ the input
seliear essed digishigh W ¢ae tiuk $RAURNG e Al cture,
enploying a first method to obtain neasured val ues for
LLO¥DAALSE m@Rntshe opl mealditningf téisasacic@sissiarc o fof mctures
picture of the input _seguence.and t SsSi ictyre
of; )FE‘@ £6PMe pice u&?]é:,e %P5y prlrlécgnlgl %rh%r egg'l%vtﬁllnrge % hlg1r
dedUGRRS Fia@h ioh picdtatries tof thke ipipitiursequematantput
outputting the pictures in 5 delayed fashion rel ative
Seyefi¢€ pi ctures of the input sequence, a val ue
st oraagz%l'irl‘:éa%%o;r%r STNG dfie S'E‘?ﬁgiq{ge‘%h\éaln{éea%ur@@ Jdi8es
picture type o picture in the dellay neans, and a
anid tée erncadineg trypensf @r pdeeiwdeng ra thiec td@rle ff meansl0 and
t he delay neans and encodin theeyicture the .first £
encodi rid idad WENY W@?&f‘n%o\fe 555 e G ed VAE Trom
thel Q@G y ik drie MRl e g e Heans Jrireadjisdt ifig-dthe
si ze o%lthe encoded version of the picture, wherein
enaRel iNar Sreasc BEiNY FESROTEHCEIdS PhaqAtiac Riue 5 tpred
i 15! (2AGAING JRIheL ANd ddie RYASL PR PAUIS e of the
i ncl'udes a "seco encodi ng neans for ‘encodi ng the
enpiogliedr 8%y o sEcand  encadineg net hod, distinct from

the first encoding nethod. 28. An apparatus accordin
o GNEERIZY. it (RSO0 SN0 GBI iR P1Cture by
a ARl CUPHS 2 dB A fife JBYRW I R JTEasunaks a

value of a first characteristic of a picture to
segd@nidy ensstdimgt ebaral Jey faarcadigecdrie pictures by a second

encoding method, distinct from the first encoding method.

28. An apparatus according to claim 27, wherein the
value storage means further comprises a means for
manipulating a measured value of a first characteristic of a
picture to derive estimated values for a second

characteristic of the picture.

29. An apparatus according to claim 27 or 28, wherein
the first encoding means receives the picture type, a
measured value of a characteristic and an estimated value of
a characteristic associated with said picture and uses said
picture type, said measured value and said estimated value
as parameters for creating the encoded version of said

picture.
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characteristic of the picture. 25 29. An apparatus
according to claim27 or 28, wherein the first

encodi ng neans receives the picture type, a measurefgLOYDWISE

val ue of a characteristic and an estimted value of a
characteristic associated w4h said picture and uses
said picture type, said neasured value and said

esti mated val ue 30 as paraneters for,cr%ﬁéi % t he
enc 88ed Ae PEPGK 3311Ss FCFO LSS, LLATD AN SES $4 30+

whéﬁqup%%%t%%l%%p%&®ﬂ%%é”ﬁéad§ Wil 28 Omidd a WRIEidted
the value storage neans wll determne a predicted
vavalue foft hiehe isiez @ fofarare nereciede ¢ everisinop fofa a picdtule in the

in the dela ans .and . wher.ein the fi.rst encoding
detayn L4l u?[“}.éj ?’E‘f%lﬁ %@eo%rj‘trhsg SAESTET L EFEISh P 1 the
s iRieClodr @ Heeegicrkd rehs itdhe cdeltae MpanRs ure nespOnsel tirom

the predicted value. 31. An apparatus according to any
thengedpycgians A7 Hemoude 3¢, Sivemdist tHe S ivslue -

encodi ng neans further 10 conprises a neans for

nmeasuring a value of a picture's conplexity, a neans

f or 34t.ominn g dze: ateess wae womyl éxd t yanwalnge ofand aims 27

means for storing the size of an encoded version of a
thgio E‘ré.o'lé“ .el%‘n 1ﬁ}‘f‘pai‘:Jrlo'thSd:s eé)cccoéfld\%é“eta&san{)“ro FTof
cHlA iR 2 rddrRuUad Bhefdtihey LMW a a diidthierd ng

means for receiving an unfiltered picture fromthe
cotellaxiryans® Sedney datl Mg o ifnd ttéreedngsiscinge Gomplexity

wi tchi ng nmeans f ecel Vi e | | tered pj
V%;T%Wwﬁ% ﬁe”ﬁ?ﬁﬁ&qﬁﬁgﬁggnPéleﬂ%?%g Q%%C?ffgéfﬁgg&}gée
vepisttow @ ff rompitdwifd .l teri ng means and sel ectively
transmtting either the wunfiltered picture or the
filtered picture to the first encoding neans. 25 33.

An appanaf us,Aecard nedaEhi RB32.ah&iRl b helaims 27

through 31, further comprising:

- a filtering means for receiving an unfiltered picture
from the delay means and creating a filtered picture and

a switching means for receiving the unfiltered picture

from the delay means, receiving the filtered picture from
the filtering means and selectively transmitting either the
unfiltered picture or the filtered picture to the first

encoding means.

33. An apparatus according to claim 32, wherein the
switching means is responsive to the first encoding means
for selecting the unfiltered picture or the filtered

picture for transmission to the first encoding means.
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switching neans is responsive to the first encoding
nmeans for selecting the unfiltered picture or the

filtered picture for transm ssion to the first LLOYD WISE

encodi ng neans. 30 LLOYD WSE 35 34. An apparatus
for transcoding a conpressedggdigital video input
stream conposed of a succession of encoded pictures,
each encoded picture having a plurality of .
chardct & SEPES 8o &%t &fg“t“ﬁ Ewittoh 2 S Taspachrtig g at
viGREPL ISR s 3 Q8C QARG SRART 05 URERIMITH dM&ncoded
succession of encoded pictures of the conpressed
piditgiresl, wiagddo engegted stieamrend iy vy e Fflidtst of
met hod havi.ng a corr.esponding _ f.irst [ t hod
g GRC AR 4 e Ceees ool BESHAT Y0 e R
coffpasuried :val ues for the plurality of characteristics

of a decoded picture and to assign a picture type to
eack 6FOKE WedSde® Fiodt FiesS 1 Va el MMGTE oo of

[BERIY! NG e HLR A AR d AR ity
enf%g%ﬁ S régﬁ%and outpﬁ%tfhg)the ec&'ed 15 pictufégﬁ%n
stoelaay echdf @&sipilayimg] at ifie stto nteidhaghdededg @i ctamesminding

the input strea a val ue st.orage neans .for storin
fllrﬁg ﬁé‘&?ﬁi@@ \r/”aﬁmﬁ‘éjéj &h d)%tr?empiac €SP of° IIa %ecccgjoeedd
piRitelrdise drdl trite sdelery varRans £ and h20 [Anrencadi kg neans

for receiving a decoded picture from the delay neans

char@caRedditig st I i afsi R & Wecsid BA ¢ @Briang
; d.qjstinct f ' :
pl%%&?%ég%h%ﬁEggfﬁmgggg;??%i?ﬁ%g#ﬁ%hﬁﬁ%ﬁgggﬁgkding nmeans

bei rg dalesparsinese fior aaveasumred tral i stasrseicn o ft kiecoded

val ue storage 25 neans for adjusting the si§§ QI th
Pigheiddsd Aferticor e b ﬁé:re@nbtadde outputting the decoded

pictures in delayed fashion relative to the encoded
pictures of the input stream,

a value storage means for storing the measured values
and the picture type of a decoded picture in the delay
means, and

an encoding means for receiving a decoded picture from
the delay means and encoding the picture using a second
video coding method distinct from the encoding method
corresponding to said first method, the encoding means being
responsive to a measured value stored in the value storage
means for adjusting the size of the encoded version of the
picture,

‘wherein the value storage means includes a means for
manipulating a measured value of a first characteristic of a
decoded picture to derive estimated values for a second

characteristic of the decoded picture.
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.wherein the val ue storage neans includes a neans for
mani pul ati ng a neasured value of a first
characteristic of a decoded picture to derive LLOYD WISE
estimated values for a second 30 characteristic of the
decoded picture. LLOYD W SE 5,36 35. An appar at us
according to claim 34, wherein the encoding neans
recei ves a decoded picture, the picture type, a
nmeasured val ue of a characteristic and an esti mated
val g . 5A@fa@p&ﬁmﬁﬁi%@dﬂﬁd&&@&@pb@dﬂ%vwmm $¥cdein the
decoded picture and uses sai icture type, said
engeadidedo@aIsu& e&td Ve @ d@sitqd@@{)@dwr@e dfpariaates Sype,
ti h C r.Si of |d d
el (R el St bty SIECHEE
of35 chh&eem@rlmhacvabw@cabmmag®1mmam$ﬂuIdedwasawﬁgﬂtﬁhre
di cted ,val ye of the si ze of an encoded version of

an&‘ &é@édé&l& al&rt e RS FEILEY TRESNT SEh I AdYST &l 19ed d

es%ﬁ%@@b@gv%Q%%sa%dk%§%%ek%%ssE%% c%%akn%ge%%%d%%coded
version of the decoded picture received from 15 the

vegeligp wéans iidn degsgense ptictitre -predi cted val ue. 37. An
apparatus according to claim34, 35, or 36, wherein
t he encodi ng nmeans further conprises a neans for
neaser.i Ag apyalrae usf aacdeciaded thi elluriel $4C@IPI3EK tdher@in
20 neans for storing the neasured conplexity val ue,
thgnyadURe T 206r "SEHEI g tihelediezaise @npéﬁ@é@é@d value of

th¥e5§b@n09faﬁ @%%%@%@ v%&%ﬁ%%eofsg gé%o@%@a H%%ure in the

according to claim 34, 35, 36, fuarther
de¢egpmesinsgana Mhbtenmnghﬁeansoﬁamgrmeem$|a@jamts the size

t ded t f t del
OToP BB PRGCAF IBered™ Bict i SH S SWPLERIRG MBS F6r £xom

theegel¥iyngebine unf irkkpbedepicet the p3@dfiterydt ke i1del.ay
nmeans, receiving the filtered picture from
37. An apparatus according to claim 34, 35, or 36,
wherein the encoding means further comprises a means for
measuring a value of a decoded picture's complexity, a
means for storing the measured complexity value, and a means
for storing the size of an encoded version of a decoded

picture.

38. An apparatus according to claim 34, 35, 36, or 37,
further comprising:

a filtering means for receiving an unfiltered decoded
picture from the delay means and creating a filtered
picture and

a switching means for receiving the unfiltered picture
from the delay means, receiving the filtered picture from

the filtering means and selectively transmitting either the
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the filtering nmeans and selectively transmtting

either the e LLOYD WSE 37 unfiltered decoded picture

or the filtered picture to the encoding neans. 39. AROYDWISE
apparatus according to claim38, wherein the 5

swi tching nmeans is responsivg to the encodi ng neans

for selecting the unfiltered decoded picture or the

icture for transm ssion to the. encodin
Jéﬁyded picture or é%e filtered picture to the

encoding means.

39. An apparatus according to claim 38, wherein the

switching means is responsive to the encoding means for

selecting the unfiltered decoded picture or the filtered

picture for transmission to the encoding means.



