wl DYNAM CALLY DETEHw GROUP OF R%CTURE Sl ZE DURING
ENCODI NG OF VI DEO SEQJENCE : Fechnilc O{)en € [ The
present invention relates in o reSS|on of dlglta VI
i mges, and nore particularly, to a technlque for using i mge statl tics
during encodi ng of a video sequence to dynam cally determ ne group of
picture (GOP) size as a function of picture change activity wthin the
sequence of video franes.. Background of the Invention
Wthin the past decade, the advent of vorld-w de el ectronic connunications
systens has enhanced the way in which people can send and receive
information. In particular, the capabilities of real-tine video and audio

systems have great |pynNARcAY.8Y HErEAeRiNG) 8abSp 619 P é%x%ow de services

such as vi deo- on-demand yvi deo conferencin subscri bers, an enornous
amount of network bandmn&@ﬁgpg PR Py OF| {1PE t?EgﬂﬁWﬁﬁk: andwi dth is
often the main inhibitor in the effectiveness of such systens. : I n

order to overcone the constraint spddiRased BYefgt works, conpression systens
have energed. These

The present invention relates in general to
compression of digital visual images, and more
particularly, to a technique for using image
statistics during encoding of a video sequence to
dynamically determine group of picture (GOP) size as
a function of picture change activity within the
sequence of video frames.

Background of the Invention

Within the past decade, the advent of world-wide
electronic communications systems has enhanced the
way in which people can send and receive information.
In particular, the capabilities of real-time video
and audio systems have greatly improved in recent
years. In order to provide services such as video-
on-demand and video conferencing to subscribers, an

~enormous amount of network bandwidth is required. 1In

fact, network bandwidth is often the main inhibitor
in the effectiveness of such systems.

In order to overcome the constraints imposed by
networks, compression systems have emerged. These
systems reduce the amount of video and audio data
which must be transmitted by removing redundancy in
the picture sequence. At the receiving end, the

picture sequence is uncompressed and may be displayed
in real-time.



systens reduce the amount of video and audi o data which nust be transmtted
by renoving redundancy in the picture sequence. At the receiving end, the
pi cture sequence i s unconpressed and may be di splayed in real-tine.

One exanpl e of an energing video conpression standard is the Moving Picture
Experts G oup ("MPEG') standard. Wthin the MPEG standard, video
conpression is defined both within a given picture and between pictures.

Vi deo conpression within a picture is acgconplished by conversion of the
digital image fromthe tine domain to the frequency domain by a discrete
cosine transform quantization, and variable |ength coding. Video
conpressi on between pictures is acconplished via a process referred to as
noti on estimati on an@neorpansdt i ©h,an emelrgihg avidsd eempeeseiopl us

difference data dirdsed te €88 ORdPEnd 18 khidBSkALd A% Q;fro%FSQi*M@faspi cture
el ements (pels) fga%rga%rég phg{-‘ﬁh?s‘%k?e %%tchegén%]ﬁ : e’siggef% SO MPEG 2 standard

specifies only the syntax of .rean1an8 Sent ] t he decodi ng
rocess. The chf¥PEEHEH Af pofird doshanithiadeifen pigerter mance
p
versus conpl exi tandnethlh boctiite€ncodecdoyRbOPSiion within kN Vi deo .
appl i cations, i tl?ihétxgzdeval%t 2dg8o 11 Py mcé%wg{-@?dﬁg&i hhedla@ihi@l,signals in
order to obtain the best densi Oof _conpressi on o at a.
image from the time domain to the frequency domain by
a discrete cosine transform, quantization, and
variable length coding. Video compression between
pictures is accomplished via a process referred to as
motion estimation and compensation, in which a motion
vector plus difference data is used to describe the
translation of a set of picture elements (pels) from
one picture to another.

The ISO MPEG-2 standard specifies only the
syntax of bitstream and semantics of the decoding
process. The choice of coding parameters and
tradeoffs in performance versus complexity are left
to the encoder developers. '

In video applications, it is advantageous to

optimize encoding of digital signals in order to

~ obtain the ‘best density or compression of data.
There are a number of known techniques to accomplish
encoding, however there is an ihcreasing need for
techniques to compress video data at low bit rates to
overcome bandwidth constraints on networks, while
still maintaining picture quality. This invention
seeks to meet this need by providing an encode
technique which optimizes variable bit rate bandwidth
while maintaining picture quality, especially at low

bit rates and low motion video applications such as



There are a nunber of known techni ques to acconplish encodi ng, however
there is an increasing need for techniques to conpress video data at | ow
bit rates to overconme bandw dth constraints on networks, while stil

mai ntai ning picture quality. This invention seeks to neet this need by
provi di ng an encode techni que which optim zes variable bit rate bandw dth
while maintaining picture quality, especially at low bit rates and | ow
notion video applications such as surveill ance, distance
| ear ni ng, and vi deo conferenci ng. 3 Di scl osure of the

| nventi on Briefly summarized, this invention conprises in one aspect
a nethod for encoding _a sequence of video franmes which includes: encoding

t he sequence ofs lppgaesdi st Preddearanngncodediliecst r eam  and

si mul t aneous widdhfidrenenagdi ng, dynamically determ ning as a function of
activity within the sequence of video frames a group of picture (GOP)
length for at |east one GOP of the encoded bitstream Mre particularly,
the invention may include (¥ nyetdhg a frame of the

sequence of video franes as an intra-coded (1) franme and enploylng forward

prediction notion eq%hg&nééguga§§§g gﬁﬁ.egﬁgéﬁgk%() ﬁ§§%1s%r ¢ ch frame of

a vari abl e nunber fra te se u ncode frame.
Wherei n, the | P*amASREFF ﬁh@eGBP@fﬁHKBQﬂ§@§éﬁg a sequence of video

frames which includes: encoding the sequence of video
frames to produce an encoded bitstream; and
simultaneous with the encoding, dynamically
determining as a function of activity within the
sequence of video frames a group of picture (GOP)
length for at least one GOP of the encoded bitstream.
More particularly, the invention may include (in one
embodiment) encoding a frame of the sequence of video
frames as an intra-coded (I} frame and employing
forward prediction motion estimation based on the
encoded I frame for each frame of a variable number
of frames temporally subsequent to the encoded I
frame. Wherein, the I frame and the variable number
of frames temporally subsequent thereto comprise the
GOP length of the at leagt one GOP. Preferably, each
frame of the variable number of frames is encoded as
"a bi-directionally predictive-coded (B) frame.

""a.'9= 2azalale 3382

In another aspect, the invention comprises a
method for encoding a sequence of video frames. This
method includes: encoding a frame of the sequence of
video frames for use as a reference frame; encoding
subsequent frames of the sequence of video frames
using motion estimation based on the reference frame;
and during the encoding of subsequent frames, for
each frame thereof comparing at least one frame

characteristic of that frame to a preset threshold



of frames tenporally subsequent thereto conprise the GOP |length of the at

‘| east one GOP. Preferably, each frame of the variable nunber of franes is
encoded as a bi-directionally predictive-coded (B) frane. In

anot her aspect, the invention conprises a nmethod for encodi ng a sequence of
video franmes. This nethod includes: encoding a frane of the sequence of
video frames for use as a reference frane; encodi ng subsequent franes of

t he sequence of video frames using notion estimtion based on the reference
frame; and during the encodi ng of subséquent frames, for each frame thereof
conparing at |east one frame characteristic of that frame to a preset -
t hreshol d and dynam cally determ ning therefroman encode
pi cture type fa8prdadwesnidaklye determénitnhsdgrefiron ramencofigai n, the
reference franpipteterapby URI heRs Arandbrataedesbddquddrane and each
frame of the ngggggentA ﬂpe%'gsrgfbgégagﬁﬁgigna%égégégpictive-coded (B)
frane. ystens an ay%iéﬁes of - franuf act ur® correspondi ng to the
above- out | i ned SREPKA8SS ot HIEE -dededi bbld fxsdec pad nerhdi@ne ioF accor dance

with the princitheesubgedrhest | firemieli Q8. a bi-diret@ibrslnte, presented is a
techni que for g¥gaqu§bgyc55g§ﬁd§)nkggmg_group of picture size

Systems and articles of manufacture
corresponding to the above-outlined methods are also
described and claimed herein in accordance with the
principles of this invention.

To restate, presented is a technique for
dynamically determining a group of picture size
during encoding of a sequence of video frames. By
dynamically varying the group of picture size, bit
rate bandwidth can be optimized and picture quality
maintained, especially at low bit rates and low
motion within the video sequence. Thus, this
invention comprises a technique to maximize temporal
redundancy in low bit rate, low motion video
applications such as surveiilance, distance learning,
and video conferencing. The technigue is described

" below with reference to the MPEG video compression
standard, but is equally applicable to other
-~standards involving motion estimation and motion
compensation. Dynamic generation of GOP size within
an MPEG video stream is obtained by stringing forward
predicted only ¥“B" pictures together until a
threshold number of intra-macroblocks are coded,
triggering a new "I* frame encode, and initiating a
new GOP. The number of intra-macroblocks within a
frame comprises one example of an intraframe

characteristic which can be monitored as



during encodi ng of a sequence of video frames. By dynam cally varying the
group of picture size, bit rate bandw dth can be optim zed and picture
qual ity maintained, especially at low bit rates and | ow notion within the
vi deo sequence. Thus, this invention conprises a technique to maxim ze
tenporal redundancy in low bit rate, |ow notion video applications such as
surveil l ance, distance |earning, and video conferencing. The technique is
descri bed below with reference to the MPEG vi deo conpressi on standard, but
is equally applicable to other standards involving notion estinmation and
noti on conpensati on. Dynam c generation of GOP size within an MPEG vi deo
streamis obtained by strinpging faorward predicted_only "B"_ pictures

t oget her unti |l gePﬁFégﬁﬁ?Bl irfbe PIGEUE Rt rRanfsc POREYEKE . a8 ARy,
triggering a newd' Heteranpienoodelegaadatneni ati ng a new GOP. The nunber of
i ntra-macrobl ocks within a franme conpri ses one exanple of an intrafrane

characteristic which can be nDnltored as . representative of
pi cture change activity, 35 £ gradat i on.
Brief Description O The EXamnngs The above descri bed objects,

advant ages and feat ungs ahobbeadiasenl bﬂy@&tg OavastUgLl @sqothers, will
be nmore readily understood fromthe follow ng detall ed description of
certain preferr %5“55& F e present invention, as well as others,

will be more readily understood from the following
detailed description of certain preferred embodiments
of the invention, when considered in conjunction with
the accompanying drawings in which:

Fig. 1 shows a flow diagram of a generalized
MPEG-2 compliant encoder 11, including a discrete
cosine transformer 21, a quantizer 23, a variable
length coder 25, an inverse quantizer 29, an inverse
discrete cosine transformer 31, motion compensation
41, frame memory 42, and motion estimation 43. The
data paths include the i picture input 111,
difference data 112, motion vectors 113 (to motion
compensation 41 and to variable length coder 25), the
picture output 121, the feedback picture for motion
estimation and compensation 131, and the motion
compensated picture 101. This figure has the
assumptions that the i®™ picture exists in frame
memory or frame store 42 and that the i+1™ picture is

being encoded with motion estimation.

Fig. 2 illustrates the I, P, and B pictures,
examples of their display and transmission orders,
and forward, and backward motion prediction.

Fig. 3 illustrates the search from the motion
estimation block in the current frame or picture to



of the invention, when considered in conjunction with the acconpanying
drawi ngs i n which: Fig. 1 shows a flow diagram of a generalized
MPEG- 2 conpliant encoder 11, including a discrete cosine transformer 21, a
guanti zer 23, a variable length coder 25, an inverse quantizer 29, an
inverse discrete cosine transfornmer 31, notion conpensation 41, frane
menory 42, and notion estimation 43. The data paths include the i[err]
picture input 111, difference data 112, notion vectors 113 (to notion
conpensation 41 and to variable | engthgcoder 25), the picture output 121,
the feedback picture for notion estimati on and conpensation 131, and the
noti on conpensated picture 101. This figure has the assunptions that the
i[err] picture &FesPgstnmrtchinggrdecy &F 4 rudpsesuere o RERYiOWEt t he

i +1[ err] pi ct ur €xamebeirngiencoded Bliekhbne®1410N 208t R0BL | Kdpresent Fig. 2
illustrates the J,. B,..an ' re examl of their display and
transm ssi on or g?%Famgngog%ga%%g?'%ﬁahbéﬂﬂﬁﬁg%'nntion predLEti%n.

Fig. 3 illustrates the search fromthe notion estinmation block in the
current frame or pictFige #oillustrates the movdi@nliest BBsEHHE nigh bl ock in a

subsequent o prEYi-QusabLalRc Tl Gl LAY $:okleARd: 211 repr esent
S

the sanme location in both pictures. _ .
position in a previous picture to a new picture, and

the previous picture's blocks adjusted after using
motion vectors.

Fig. 5 illustrates examples of variable size I
and B groups of pictures (GOPs) dynamically
determined in accordance with the present invention

using forward prediction motion estimation only.

Fig. 6 is a flowchart of one embodiment of
processing to dynamically determine a group of
pictures (GOP) size in accordance with the present
invention.

Begt Mode for Carrving Out the Invention

The invention relates, for example, to MPEG
compliant éncoders and encoding processes such as
described in "Information Technology-Generic coding
of moving pictures and associated audio information:
Video, " Recommendation ITU-T H.262, ISO/IEC 13818-2,
Draft In;ernational Standard, 1994. The encoding
functions performed by the encoder include data
input, spatial compression, motion estimation,
macroblock type generation, data reconstruction,
entropy coding, and data output. Spatial compression
includes discrete cosine transformation {(DCT)},

quantization, and entropy encoding. Temporal



Fig. 4 illustrates the movenent of blocks in accordance with the notion
‘vectors fromtheir position in a previous picture to a new picture, and the

previ ous picture's blocks adjusted after using notion vectors. Fi g.
5 illustrates exanples of variable size | and B groups of pictures (GOPs)
dynami cally determned in accordance with the present invention using
forward prediction notion estimtion only. Fig. 6 is a flowhart of
one enbodi nent of processing to dynamcally determ ne a group of pictures
(GOP) size in accordance with the presént invention. Best Mbde for
Carrying Qut the Invention The invention relates, for exanple, to

MPEG conpl i ant encoders and encodi ng processes such as descrlbed I n
"I nformation Te@?ﬁ@#%mwuﬁbﬁ@Fﬂéd%@d4¢EFnﬂﬂVﬁDV¢ﬁgn$ﬁRHQHN&? and associ at ed
audi o i nformati phocdésian,” dlehospeieadiden di brdtdl. &8kind SO | EC 13818- 2,

Draft Internatippal %Pr&‘ﬂaio% l%% thﬁba%%%wgnf“ﬁé Q0 Jper for med by the
encoder |nclude data I nput, &P estimati on,
macr obl ock typecﬁﬁﬂ%ﬁ%ﬁq%ﬂﬁ d élPéc%ﬁﬁﬂmﬂﬁyPPoﬂnde?QWRRQEQQQQPnQreand dat a

out put. Spatial usedpfessienpdrad| ddesrebsionetrancosone. t rapeafianmanion (DCT),
quantization, a99m88££PQ¥NﬁH%£QEBQ-aE?WR%k%Etive functions with

high computational requirements.

More particularly the invention relates, for
example, to a process for performing spatial and
temporal compression including discrete cosine
transformation, quantization, entropy encoding,
motion estimation, motion compensation, and
prediction, and even more particularly to a system

for accomplishing spatial and temporal compression.

The first compression step is the elimination of
spatial redundancy, for example, the elimination of
spatial redundancy in a still picture of an "I" frame
picture. Spatial redundancy is the redundancy within
a picture. The MPEG-2 Draft Standard is using a
block based method of reducing spatial redundancy.
The method of choice is the discrete cosine

" transformation, and discrete cosine transform coding
of the picture. Discrete cosine transform coding is
combined with weighted scalar qﬁantization and run

length coding to achieve desirable compression.

The discrete cosine transformation is an
orthogonal transformation. Orthogonal transforma-
tions, because they have a frequency domain
interpretation, are filter bank oriented. The
discrete cosine transformation is also localized.

That is, the encoding process samples on an 8x8



7 conpression includes intensive reconstructive processing, such as

i nverse discrete cosine transformation, inverse quantization, and notion
conpensation. Mdtion estinmation and conpensation are used for tenporal
conpression functions. Spatial and tenporal conpression are repetitive
functions with high conputational requirenents. More particularly
the invention relates, for exanple, to a process for perform ng spatial and
t emporal conpression including discretg cosine transformation,

guanti zati on, entropy encoding, notion estimtion, notion conpensation, and
predi ction, and even nore particularly to a systemfor acconplishing

spatial and te | _-C eSSl oNn.. . Jhe first co essjon step is the
el i m nation of %t?ilaa regﬁﬁdgﬁgﬁ lfsorsu&f(%l?rﬁ%t, H%gogggrﬁleng ion of spatial
redundancy in atx¥ng9foyy cegféieiensis o spbapandd cture. Spatial redundancy

is the redundancy within a picture. The MPEG 2 Draft Standard i.s using a
bl ock based net hod QLuﬁﬁﬂ#CEBQ?§E%§é‘§f Eggugg Ve E@%i thod of choice is
0 I

t he di screte cosine transfornmatiom and scref'e cosyné transform codi ng of
the picture. DiSE3e8rBsine L aisFtorfinstotnerding eamtboseadingh wei ght ed
scal ar quanti zahlesratithe wrel engi haigladi ngatior aeidiaye desi sablBag@npressi on.

The discrete CO&%@Sm SANSTQr TRt LH0 Af%é?%teoéégfﬁé”Eﬁaﬂé&%@ﬁ&@& tion.
Orthogonal transforma-, tions, because they have a frequency domai n
i nterpretation, 1&r8uffi¢Enanke bt ikahaygd FRealipw afdestdysi nee
transformati on b§ pbpchdwicalailzeditedhwat is, the encodi ng process sanples on
an 8x8
After transformation, many of the frequency

coefficients are zero, especially the coefficients

for high spatial frequencies. These coefficients are

organized into a zig-zag or alternate-scanned

pattern, and converted into run-amplitude (run-level)

pairs. Each pair indicates the number of zero

coefficients and the amplitude of the non-zero

coefficient. This is coded in a variable length

code.

Motion compensation is used to reduce or even
eliminate redundancy between pictures. Motion
compensation exploits temporal redundancy by dividing

-the current: picture into blocks, for example,
macroblocks, and then searching in previously
transmitted pictures for a nearby block with similar
content. Only the difference between the current
block pels and the predicted block pels extracted
from the reference picture is actually compressed for

transmission and thereafter transmitted.

The simplest method of motion compensation and
prediction is to record the luminance and

chrominance, i.e., intensity and color, of every



spatial w ndow which is sufficient to conpute 64 transform coefficients or
sub- bands. Anot her advantage of the discrete cosine transformation
is that fast encodi ng and decoding algorithnms are available. Additionally,
t he sub-band deconposition of the discrete cosine transformation is
sufficiently well behaved to allow effective use of psychovisual criteria.
After transformation, many of the frequency coefficients are zero,
especially the coefficients for high gpatial frequencies. These
coefficients are organized into a zig-zag or alternate-scanned pattern, and
converted infto run-anplitude (run-level) pairs. Each pair indicates the

nunber of zerolgglfghphgny§"and the a thgde 0 ﬁ%?e non ero coefficient.
This i s coded TR a varf8bl & | RHgtH Soddsh recor ensation is used

to reduce or eWVEHIENGE ﬁaﬂechtﬁmﬁnﬁﬂﬂ@y be@meeanﬂnﬁmiwegndwﬁpign
conpensation efml @Vtes:yt eppet ai c redundancyndysehad i@ plibeuedrrent picture
| L0 D ocke IRy RUAND! G JTRET OBLOGK Sy 0T, LNENL SRR 0L REeV! oUs! Y
transnitted pictures 'for a near BITE mn%ﬁ sim cont en Ehl t he

di f f erence beth@dridid c ereny - bP%Rﬂ@%@@Pscaﬁﬂc%M%vﬁﬁ@ﬂﬁ%?é&sﬁﬂégk pel s
extracted frontide befRicenobiptes Hidrd Dedabyal pictaorgy,eshed fer,

transm ssion %Iﬁ%fne(.é etn?:r B’IB@QSEQ‘(;I& %%e locat:dor% lt}le o%e ll%%hrget hod of

not i on conpens redlctlon ['Um nance
to a dlfferent locatlon 1n a subsequent picture. A

more advanced idea is to use a previous or subsequent
picture to predict where a block of pixels will be in
a subsequent or previous picture or pictures, for
example, with motion vectors, and to write the result
as "predicted pictures" or "P" pictures. More
particularly, this involves making a best estimate or
prediction of where the pixels or macroblocks of
pixels of the i%® picture will be in the i-1® or i+1i®
picture. It is one step further to use both
subsequent and previous pictures to predict where a
block of pixels will be in an intermediate or "B"
picture.

To be noted is that the picture encoding order
and the picture transmission order do not necessarily
“match the picture display order. See Fig. 2. For I-
P-B systems the input picture transmission order is
different from the encoding order, and the input
pictures must be temporarily stored until used for
encoding. A buffer stores this input until it is
used.

For purposes of illustration, a generalized
flowchart of MPEG compliant encoding is shown in Fig.
1. 1In the flowchart the images of the i%picture and

the i+1"™ picture are processed to generate motion



chrom nance, i.e., intensity and color, of every

9 pi xel in an "I" picture, then record changes of |um nance and

chrom nance, i.e., intensity and color for every specific pixel in the
subsequent picture.- However, this is uneconom cal in transm ssion nedi um
bandw dt h, menory, processor capacity, and processing tine because objects
nove between pictures, that is, pixel contents nove fromone location in
one picture to a different |ocation i nj@ subsequent picture. A nore
advanced idea is to use a previous or subsequent picture to predict where a
bl ock of pixels will be in a subsequent or previous picture or pictures,

fortexarrpl e, ywpgracerakgon yﬁ&trﬂw@,orﬁ?@ckerw %@?ihéte kae%@l t as 'Fk)redi ct gd t
pi ctures" or arti , is, involves nmaking a bes
estimate or pr eH‘F ]? V\Jf\u/b dﬁieg 5 G048 pixels of the
i[err] picture \ﬁubbet{senh }ph@turel[emh]e useleﬂ[tehec ]mqtucmurvectbtra gsone step

further to use QOkanaeﬁee@egf @é?ﬂ)difa‘iVbBHér@éﬁéH &h tt@xeo&@@d?t where a
bl ock of pixels i n_an i nternedjate "B" To be
noted is that tﬁgaﬁ‘ 8F§re %ﬁc%kb‘?"ﬁ’g By §de- énﬁh‘? HEO%"&"[ l}'reé"ttorrﬁnsm ssi on

order do not necessasehgranedchrtchaigicctforetde spranslatdem Seé¢hei g. 2. For

|- P-B syst ens nak@oblBdksPbet piee g, 2R EhS 8hON O ure tei Lherent fromthe
encodi ng order d th |q£ut pictures nust be tenporarily stored until
used for encodlna 55??er stores this input until it is used.

As shown in Fig. 1, in the encoding process, the
images of the i® picture and the i+1™ picture are
processed in the encoder 11 to generate motion
vectors which are the form in which, for example, the
i+1" and subsequent pictures are encoded and
transmitted. BAn input image 111 of a subsequent
picture goes to the motion estimation unit 43 of the
encoder. Motion vectors 113 are formed as the output
of the motion estimation unit 43. These vectors are
used by the motion compensation unit 41 to retrieve
macroblock data from previous and/or future pictures,
referred to as "reference" data, for output by this
unit.

One output of the motion compensation unit 41 is
negatively summed with the output from the motion
estimation unit 43 and gces to the input of the
discrete cosine transformer 21. The output of the
discrete cosine transformer 21 is quantized in a
quantizer 23. The output of the gquantizer 23 is
split into two outputs, 121 and 131; one output 121
goes to a downstream element 25 for further
compression and processing before transmission, such
as to a run length encoder; the other output 131 goes
through reconstruction of the encoded macroblock of



For purposes of illustration, a generalized flowhart of MPEG conpli ant
~encoding is shown in Fig. 1. 1In the flowhart the inmages of the i[err]
picture and the i+1[err] picture are processed to generate notion

10 vectors. The notion vectors predict where a nmacrobl ock of pixels wll
be in a prior and/or subsequent picture. The use of the notion vectors is a
key aspect of tenporal conpression in the MPEG standard. As shown in Fig. 1
the notion vectors, once generated, arélused for the translation of the
macr obl ocks of pixels, fromthe i[err] picture to the i+1[err] picture.

As shown in Fig. 1, in-the encoding process, the inages of the i[err]

picture and the . +1[err jcture ar rocessed in the encoder 11 to
generate noti or?l\?cée(]:lto SLV\E{Z%W‘%QF eht &gpaf“Srﬂ?‘f‘?f‘%ﬁ%h, Ottggxanpl e, the

i+1[err] and subsE§egnshpivot fivepunresescofed] sk tatdeoni théd. An i nput

image 111 of a sddseaveBbupi LI U AOeh LA the, Mt eesti mation. unit 43 of
t he encoder. Mot or%.v%%ggrszglg,n f.ormed as.t he outdput. of the notion
t

re th
estimation uni t243." ResS VATt B1S A e USEF Y T fie” THotd i "Conpensat i on uni t
41 to retrieve WERIGIHOCRIdEPar ¢ WIR B dwisstsvendier JFiuttidee pictures,
referred to as diffefepreemadabBlodlo) GHiRUBaBY 18isuid with the One out put
]9‘; Oh]hfhg‘)%finoﬁé’ SYr WeURbLi 8t dSndlE At ¥R ¥nSUTEd W L 58 out put
a lossy version of the original picture to the frame

memory 42.

As shown in Fig. 2, there are three types of
pictures. There are "Intra pictures" or "I" pictures
which are encoded and transmitted whole, and do not
reguire motion vectors to be defined. These "IW
pictures serve as a reference image for motion
estimation. There are "Predicted pictureg" or "pH
pictures which are formed by motion vectors from a
previous picture and can serxrve as a reference image
for motion estimation for further pictures. Finally,
there are “Bidirectional pictures" or "B" pictures
which are formed using motion vectors from two other
pictures, one past and one future, and can not serve
as a reference image for motion estimation. Motion

- vectors are generated from "I" and "P" pictures, and
are used to form "P" and "B" pictures.

One method by which motion estimation is carried
out, shown in Fig. 3, is by a search from a
macroblock 211 of an i™ picture throughout a region
of the next picture to find the best match macroblock
213. Translating the macroblocks in this way yields
a pattern of macrocblocks for the i+1™ picture, as
shown in Fig. 4. 1In this way the i® picture is

changed a small amount, e.g., by motion vectors and



estimation unit 43 and goes to the input of the discrete cosine transforner
21. The output of the discrete cosine transfornmer 21 is quantized in a
guanti zer 23. The output of the quantizer 23 is split into two outputs, 121
and 131; one output 121 goes to a downstream el enent 25 for further
conpressi on and processing before transm ssion, such as to a run | ength
encoder; the other output 131 goes through reconstruction of the encoded
macr obl ock of E pi xel s fl@r storage in frane menory 42. In the
encoder shown for purposes of illustration, this second output 131 goes

t hrough an inverse quantization 29 and an inverse discrete cosine transfornr

31 to return a fOsedriRISI@RA0T c& ekl ffer enge; IRcLobl pek. Eﬂia% data is

sutmmed with the, out put, of the tion conpensation unit 41 a returns a
| ossy version of®tFHEBIGY RS tgl?)c'f‘?ﬁdé’r’c yechers rafik Jidsrengs. As
shown in Fig. 2datdherancamett bheeitlypedcobirpi ttaeleds. Mheienare "Intra
pictures” or "l pi&tdrasithiked go8:engPded ﬁnﬂnéqrea%t E@Qt&‘@é" e, and do
not require notjon vectors ég be’ defi ned. Tﬁese 1" pictlUres serve as a
reference i maget? P Toti%on Yot e ndt F i errefat ar e esychpBEeHi R ur es” or
"P" pictures whekhomimarday, nédmbyanot i gmdveetorst foramtaapr éej ous pi cture and

can serve as a Eg£§§é§u§higﬂg@gngognﬁngjﬂy&iggggg@;ion for further pictures.
Finally, there are "Bidirectional pictures” or "B" pictures which are
formed using notion vectors fromtwo ot her

Returning to Fig. 3, we look for a good match by
starting from the same location in the i® picture as
in the i+1® picture. A search window is created in
the i™ picture. We search for a best match within
this search window. Once found, the best match
motion vectors for the macrobleck are coded. The
coding of the best match macroblock includes a motion
vector, that is, how many pixels in the y direction
and how many pixels in the x direction is the best
match displaced in the next picture. Also encoded is
difference data, also referred to as the "prediction
exrror", which is the difference in chrominance and
luminance between the current macroblock and the best

match reference macroblock.

The operational functions of an MPEG-2 encoder
are discussed in greater detail in commonly assigned,
co-pending United States Patent Application Serial
No. 08/831,157, by Carr et al., filed April 1, 1997,
entitled "Control Scheme For Shared-Use Dual-Port
Predicted Erroxr Array," which is hereby incorporated
herein by reference in its entirety.

As noted initially, encoder performance and/or
picture quality may be enhanced in accordance with
the principles of this invention by dynamically



pi ctures, one past and one future, and can not serve as a reference inmge
‘for notion estimation. Mdtion -vectors are generated from"I" and "P"
pictures, and are used to form"P" and "B" pictures. One et hod by
whi ch notion estimation is carried out, shown in Fig. 3, is by a search
froma macroblock 211 of an i[err] picture throughout a region of the
next picture to find the best match nmacrobl ock 213. Translating the
macrobl ocks in this way yields a pattegn of macrobl ocks for the i+1[err]
picture, as shown in Fig. 4. In this way the i[err] picture is changed a
smal | amount, e.g., by notion vectors and

12 dlfference generate.the i +l[etr |Qture. i s_encoded are
the notion vectdF e%ﬂﬁfﬁﬁgfgﬁ?gﬂc%ﬁcﬁﬁ%&urﬁ g*h t WHEY £7F8 TgpPgture
itsel f. Mtion ¥ezeprenae afsvadeo posinesodonf eaq:hlsmg@nﬂ:riem pPeture to

picture, while ghdfiesanceudatactaddd anhanges éﬂngﬁ Q"Faﬂ@n‘%_%, pkum nance,
and saturati on, thgt is

as d er%ar:}%ngelpor (I;’Eadc ?, %r e 41
Returning to Fi K o atc %V STAT} r?&flaomthe same
| ocation in theeFF@¢¥qgrﬁqﬁﬁ§ﬂéea§ frﬁm6ﬂ3WS+mEem©$1?ncﬂﬁﬂmma§40§earch wi ndow

is created in thesédesdly PrCbfie. r&¥esarfcCErbfe. a ReStedBt Ghawi thin this
search w ndow. Cn§§a£9 d(ﬁE@%cQ§§t natch %@E'OQlﬁgﬁtoﬂﬁlk%kéal macr obl ock

are coded. The C0 racrob I ncl udes a noti on
vector, that is® hewwsm%% ﬁﬁarﬂ%eargﬂ Forearedntartl HeFetany pixels in
the x directionthgesh€ldestThis comparison allows the encoder to

dynamically determine the encoding picture type for
the next temporally encoded frame, i.e., whether to
continue encoding within a present group of pictures
(GOP) or to begin a next GOP.

As noted, Fig. 2 depicts a typical MPEG group of

pictures (GOP) consisting of intra (I), predicted

(P), and bi-directional (B} frames. This typical GOP
consists of a fixed number of pictures, with the
number of I, P and B occurrences and positions
thereof also being fixed within a GOP. In display
order, the P picture number 4 will use as its motion
estimation reference I picture number 2. B picture
number 3 will use either (or both) I picture number 2
-and P picture number 4 as its reference(s). Pursuant
to MPEG video compression standard, a B picture is

not used as a reference.

I and P pictures, because they serve as
reference pictures, are typically allocated more bits
to encode than B pictures. Thus, a video sequence
encoded at 4,000,000 bits per second and at 30 frames
per second, would allocate 200,000 bits to each
picture, assuming a uniform allocation. A typical

application, however, is for the I pictures to be



mat ch di splaced in the next picture. Al so encoded is difference data, also
referred to as the "prediction error”, which is the difference in

chrom nance and | um nance between the current macrobl ock and the best match
ref erence macrobl ock. The operational functions of an MPEG 2 encoder
are discussed in greater detail in comonly assigned, co-pending United
States Patent Application Serial No. 08/831,157, by Carr et al., filed
April 1, 1997, entitled “Control Schele For Shared-Use Dual -Port Predicted
Error Array,” which is hereby incorporated herein by reference inits
entirety. As noted initially, encoder perfornmance and/or picture

qual ity my be, pphancefl N a3°Kehg1anGe Wat tnd e AJcighRl egagf g s i nvention
by dynamically "~ ] 8= Heternlnlng group
of picture siz@ RARGUFSeCoBP ngl HIcHeseguet avasfY Hif€oafr BRRsBfor each

sequenti al GOPpidtherdsechmhgee theldidaseenendimgnSiofighentsame to be used

as a reference re_f caodi angd..& i u nt franes
usi ng notion é%{?%ﬁ%%%#ﬁbgsggggﬁﬁ%f%&%E%FE re é%i%%%Q%F§n§§8%%§|east one
intraframe chafacteF9dd ithatsC8Bt erni ned with encodi ng of each subsequent
frame and conpared to a preset threshold. This conparison allows the

encoder to dynam cakdy detgrpi he i hg r pe<for the next
tenporal | y encoded :ﬁ%ne,gﬁ.g%?gﬁketﬁégqggigdﬁgé &gggﬁcédggg within a
present group Efcfﬁ¥§LﬁQ§9dlng in accordance with this invention.

Each GOP consists of one I frame followed by a
dynamically determined number of B frames. Each B
frame uses forward prediction only, i.e., it refers
to an I frame reference that is previous to it
temporally. Thus, the first picture is encoded as
intra (I(1)) and serves as the motion estimation
reference for subsequent pictures B(2)-B(n). As each
B picture is encoded, at least one intraframe
characteristic (such as the number of intra-coded
macroblocks} is recorded and compared to a pre-
determined threshold. When the monitored
characteristic exceeds the threshold, as in picture
B(n), a new group of pictures (GOP) is started, the
next following picture is coded as an I frame (as in

I(n+l)), and the process is repeated.

One embodiment of processing in accordance with
this invention is depicted in Fig. 6. Motion
compensation 301 provides a best-match macroblock
difference to conventional decision logic which
determines whether to encode the current macroblock
as an intra or a non-intra macroblock 311.
Simultaneous therewith, the current macroblock
variance is also provided to the macroblock decision

311 via the encode process 300. From these inputs,



(CIF5 or to begin a next GOP. As noted, Fig. 2 depicts a typical
"MPEG group of pictures (GOP) consisting of intra (l), predicted (P), and
bi-directional (B) frames. This typical GOP consists of a fixed nunber of

pictures, with the nunber of I, P and B occurrences and positions thereof
al so being fixed within a GOP. In display order, the P picture nunber 4
Wil use as its notion estinmation reference | picture nunber 2. B picture

nunmber 3 will use either (or both) | pigture nunber 2 and P picture number
4 as its reference(s) . Pursuant to MPEG video conpression standard, a B
picture is not used as a reference. | and P pictures, because they

Serve as I ef el gRgeapl i o el LYPLEA! Lab i PGgbedndBLefiits Lo encode

than B pictures. Thus, a vi eo,se%uence, enco 0 bits per
second and at 3BCFYEREECNHEIeGISINE, LRBET FreRTseRted by, Phorhiild t o each
pi cture, assumng a uniformallocation. A typical application, however, is

for the | pictures t@fb@ncoded as an intra macroblock, then in 14

al l ocated 4x as nan dblts as tﬁng pictures, and the P pictures to be

al | ocat ed 2x asaﬁﬁﬁ% BPES WEER IS FPYERFEST FhuSEThE3GFRALReT8 t he nunber
of non-B pi ct ur esuntiea B2P, it himqgreswingednuaberpofcdsgisgndetdedmimesncode

t hat GOP. whether the predefined threshold number of intra
macroblocks within the current frame has been
exceeded 331. If no, then the encode process is
signaled to encode the next picture as a B picture
341. However, if the threshold has been exceeded,
then processing signals the encode process to encode
the next picture as an I picture, thereby beginning a
new group of pictures 361. Signals 341 and 361 are
fed to the encode process 371 as shown.

Those skilled in the art will note that the
process of Fig. 6 cowprises only one example of
encoding decision and statistics gathering in
accordance with this invention, and that others will
be appafent from the disclosure presented herein.

For example, multiple intraframe characteristics
could be used to monitor picture change activity, and

- in particular, picture degradation from a reference
frame at the beginning of each group of pictures.
Further, the threshold can be any desired value. As
a specific example, the threshold might comprise one
percent of the total number of macroblocks comprising
the picture rounded down tc the nearest positive
integer.

To summarize, this invention proposes a new
encoding scheme useful, for example, in MPEG encoding

a sequence of video frames. In the prior art, group



Fig. Sillustrates variable I ength group of picture encoding in accordance
with this invention. Each GOP consists of one | frame followed by a

dynami cal | y determ ned nunber of B franes. Each B frane uses forward
prediction only, i.e., it refers to an | franme reference that is previous
toit tenporally. Thus, the first picture is encoded as intra (1(1)) and
serves as the notion estinmation reference for subsequent pictures B (2) -B
(n) . As each B picture is encoded, at hgast one intraframe characteristic
(such as the number of intra-coded nmacrobl ocks) is recorded and conpared to
a pre- determned threshold. Wen the nonitored characteristic exceeds t“he
threshold, as in_picture B{nép a new group of pictures (GOP) is started,
the next follow gpblcgl‘ﬁ?e ¢®LGdEE 4§ BRetdgtesménedsand | (n+1)), and t he
process is repegogdistent. DUneaenhddhmenticd giieceasengiom, ageor dance with
this invention itendenl 6Ecdabl fldhentsalbbON £AMENTALIPD F0L PIOVI des a
best - mat ch rracr%bl Q k difference tq conventiona ecisio 0gIl'C whi ch

det er m nes whet R&r E‘S BAEBUES t He Wiht¥ent THer ShcoeRCadeamantiaver a
non-intra macr ol §éks8180P SpHruIBRfedlswefidrewirt TBRBBAB GOPY ent macr obl ock

variance is al sgcpnevedegy! ontfie, mRe. ObrRLk:EILGISORaR1daY{ @ the encode
process 300. Fr t.he i 15

one skilled in t eeflé‘re?‘eéléﬂgf%‘g‘h%’}% Sorppedariedint cBorbert | Bhaframss si on

| ogi ¢ represent &@ Bgtbingko®1luntil a threshold (representative of a
predefined picture degradation) is hit. 1In a
preferred embodiment, the threshold is a number of
intra-coded macroblocks in a "B" frame. When the
threshold is reached, the next picture becomes an
intra-coded "I" frame, thereby starting a new GOP,
and the process repeats. The B frames always refer
back to the I frame initiating the GOP. One-
direction B frames are preferred, rather than P
frames, to reduce the number of bits used to encode,
and to reduce motion error.

The present invention can be included, for
example, in an article of manufacture (e.g., one or
more computer program products) having, for instance,
computer usable media. The media has embodied
therein, for instance, computer readable program code
means for providing and facilitating the capabiiities
of the present invention. The articles manufactured
can be included as part of the computer system or
sold separately.

The flow diagrams depicted herein are provided
by way of example. There may be variations to these
diagrams or the steps or operations described herein
without departing from the spirit of the invention.

For instance, in certain cases the steps may be



| f encoded as an intra macrobl ock, then in accordance with this invention
an intra macrobl ock counter 321 is increnented, and processing detern nes
whet her the predefined threshold nunber of intra macrobl ocks within the
current frame has been exceeded 331. If no, then the encode process is
signaled to encode the next picture as a B picture 341. However, if the

t hreshol d has been exceeded, then processing signals the encode process to
encode the next picture as an | plcturﬁ t her eby begi nning a new group of
pictures 361. Signals 341 and 361 are fed-to the encode process 371 as
shown. Those skilled in the art will-note that the process of Fig. 6
conprises only one exanpl e of encodi ng decision and statistics gathering in
accordance w t hpéhfsrnad/ amt iddfifeaimy tdatexot ber staws lmaye b@pp@lﬁedt fromthe

i scl osure presgpi&tediehinda;Eeba XAl neBUl Lhpl & ddUd alAme _
characteristics cou e ponitor picture e activity, and in
particul ar, pi cFﬁ?ﬁl‘gee‘gerdacfé& |C6’ﬁ‘pf:?%?n%l?te1°§r EHEep’F? AviERE 1 \égi nni ng of
each group of peetueested-um tde, appenddit edladind.can be any desired val ue. As
a specific exanple, the threshold night conprise one percent of the total

nunber of macrobl ocks conpr|5|n i.cture rounded, do t o, t he _near est
positive integer. "Bt %ﬁBF??E hag, beepy %ﬁ??%ﬁF%Yhﬁxﬂﬁ&? 3 new
encodi ng schenehaseiul}nfancq%d@mpbewitm<wﬁﬁelenpcdfﬂgre®.sequence of video

frames. In the REbBRiIAELts HUMROF, many modifications and changes 16
therein may be effected by thosge skilled in the art.
Accordingly, it is intended by the appended claims to
cover all such modifications and changes as fall

within the true spirit and scope of the invention.



of ﬁicture (GOP) size is pre-determ ned and consistent. |In accordance with
“this invention, the length of each sequential GOP is dynam cally defined by
t he Thus, the encoder may have a first GOP of |BB
follﬂmmmmm”mm GOP, followed by an IB, etc. The GOP is dynamically
definéd by ‘al I"owi*ng*forward predicted only "B" franes to "string on" until
a threshold (representative of a predefined picture degradation) is hit.

In a preferred enbodi nent-, the threshogg is a nunber of intra-coded
macrobl ocks in a "B" frane. Wien the threshold is reached, the next picture

beconmes an intra-coded "I" franme, thereby starting a new GOP, and the
process repeats. The B franmes always refer back to the | franme initiating
the GOP. One- direction B franes are red, rather than P frames, to

reduce the nunber of bits used to encode, and to reduce nption error.

The Present znventiqn Cam.h@th8&|ﬂﬁ@dnm&@&n@xéﬂ$é4hi?d& @? ﬁi&é&'e ?f

manufacture (e.g., _one Qr. nore. ¢ ut er. _program products avi ng, for
i nstance, conpu %ﬁm%s%&ﬁ%%qﬂg§?3?8¥ﬁg“ﬁ%€ﬁgghas enbodi ed therein, for

i nstance, conputer readabl e program code neans for providi ng and

facilitating the capabilifd)eseatodhey pHeRseslubiverdf aildebheéranéscl es
manuf act ured can beT‘}]@CE#T]%%% agnpgﬁéoé)fd 5@&@9@&{; ea[ndsystem or sold
e ow 3 e &d he

separately. i agrans depi C rein are provided by way of
exanple. There may be variations to these diagranms or the steps or

operations described herefy) wauhong stepakhiBgifigomit haywRnich1of the
i nvention. For inStqgééérAf%fﬁ%rggiQ Eﬁg%%%okhgfsgg%§%{g@/J%%hin the
sequence of video frames a group of picture
(GOP) length for at least one GOP of the encoded
bitstream.

2. The method of claim 1, wherein said
encoding {a) comprises encoding a frame of the
sequence of video frames as an intra-coded (I) frame
and employing forward prediction motion estimation
based on said encoded I frame for each frame of a
variable number of frames temporally subsequent to
said encoded I frame, said I framé and said variable
number of frames temporally subseguent thereto
comprising said GOP length of said at least one GOP,

- and wherein said dynamically determining (b)
comprises dynamically determining said variable
number - of frames temporally subsequent to said I
frame to be encoded employing forward prediction

motion estimation based on said encoded I frame.



17 perforned in differing order, or steps may be added, deleted or

modi fied. All ﬁ'ﬁwmmmﬁmmﬂle consi dered to conprise part of the
present inventio he appended cl ai ns. Wil e the

i nvention has been deésctiBed’®in“detail herein in accordance with certain
preferred enbodi nents thereof, many nodifications and changes therein my
be effected by those skilled in the art. Accordingly, it is intended by the

appended clainms to cover-all such nodifg cati ons and changes as fall within
the true spirit and scope of the invention.

18 Clains 1. A nethod for encoding a
sequence of video. ranes sal god conpr|3|ng ) ) (a) encoding
t he sequence of vi déo ffgﬁé§mt Praduce ¥hetAtBde¥bitstream and

(b) during sai eénendédionda) ajomutyisesi eatdding each frame of said
variable number of frames temporally subsequent to -
said I frame as a bi-directionally predictive-coded
(B) frame, wherein said GOP length comprises said

encoded I frame and said variable number of encoded B
frames.

4. The method of claim 1, wherein said
dynamically determining (b) comprises determining
said GOP length by directing said encoding (a) to
encode a frame of the sequence of video frames as a
reference frame, and to encode subsequent frames of
the sequence of video frames using motion estimation
based on said reference frame, and wherein said
dynamically determining (b) further comprises
beginning a new GOP when an encoded frame of said
subsequent frames has a predefined picture
degradation compared with said reference frame.

5. The method of claim 4, wherein said
dynamically determining (b) comprigses for each frame
of said subsequent frames comparing at least one
intraframe characteristic thereof to a preset
threshold, and wherein said dynamically determining
(b) further comprises beginning said new GOP when
said preset threshold is exceeded.

6. The method of claim 5, wherein said at
least one intraframe characteristic comprises a
number of intra-coded macroblocks within said frame
of the subsequent frames, and wherein said threshold

number comprises a percentage of a total number of
macroblocks in said frame.



_determ ning as a function of activity wthi nce of video
frames a group of picture (GOP) Iengt lmw umg@el e GOP of the
encoded bi t stream 2. The me wherein said
encodi ng (a) conprises encoding a franme of the sequence of vi deo franmes as
an intra-coded (1) frame and enploying forward prediction notion estinmation
based on said encoded | frame for each 2game of a variable nunber of franes
tenporal ly subsequent to said encoded | franme, said | frane and said

vari abl e nunber of franes tenporally subsequent thereto conprising said GOP
| ength of said at |east one GOP, and wherein said dynam cally determ ning
(b) conprises dynamrpallyi-thglggm@lgig Sal yarlg,%legn g? gr of franes

oyi ng, forvvard

tenporally subseq:ugg to frame to be enco
predi ction not i N SEAhES ﬁoﬁﬁgje%e%r?né’&idélngn%%e‘%}aqueﬁc&r@f video
19 3. fmneretimacobrdbacen @i thwWivbEei stsmiakdncodi ng (a) . conpri ses

encodi ng each frane of said variable nunber of franes tenporally subsequent
to said | frame as a bi-directionally predictive-coded (B) franme, wherein

said GOP length conprises said encoded | frame and said variabl e nunber of
encoded B franes. 4. The met hod of claim1, wherein said

dynam cally determ ning (b) conprises determ ning



said GOP length by directing said encoding (a) to encode a
sequence of video franmes as a reference frane, and to enco k ﬂ@ﬂg!ﬂﬁﬂﬁ ""“
frames of the sequence of video franes using notion estinat

said reference frane, and wherein said dynam cally determ ning (b) further
conprises begi nning a new GOP when an encoded franme of said subsequent
frames has a predefined picture degradation conpared with said reference
frame. 5. The method of claim wherein said dynanmically
determning (b) conprises for each frarfe of said subsequent frames
conparing at |least one intraframe characteristic thereof to a preset

t hreshol d, and wherein said dynamically determining (b) further conprlses
begi nni ng sai d new GDP wremesdiod poeseicddingshokeqienexefedddeo 6.

The nethod of ckaims, WE! &tk gg goﬁﬁruiql t one intrafrane characterlstlc
conprises a nunber oT i Tt ra-coded nmcrobl ocks within said frame of the

subsequent franes, and wherein said threshold nunber conprises a
percentage of a total nunbEr ehcofbogoblocke bfi she dsdqummee of

20 7. The gBa&O0Qfnd 26 dee WiSTLHResREAENEQHIN (@) conprises
encodi ng the sequence of video frames in accordance wi th MPEG st andard.

{b) encoding subsequent frames of the
sequence of video frames using motion estimation

based on said reference frame; and

{c) during said encoding (b), for each
frame of said subsequent frames comparing at
least one frame characteristic thereof to a
preset threshold and dynamically determining
therefrom an encode picture type for a next
frame of said subsequent frames.

9. The method of claim 8, wherein said
comparing (c) comprises comparing at least one
intraframe characteristic of each frame of said
subsequent frames to a preset threshold to
dynamically determine an encode picture type for the
next frame of said subsequent frames, said encode

picture type comprising either an I frame or a B
frame.

10. The method of claim 8, wherein said
reference frame comprises an intra-coded (I) frame,
and wherein said encoding (b) comprises encoding each
frame of said subsequent frames as a bi-directionally

predictive-coded (B) frame.



21 8. A nethod for encoding a sequence of video franes, said

‘met hod conpri si ng: (a) encoding a franme of the sequence of

vi d as a reference frane; (b) encodi ng
subjmmﬁmilmgﬂu the sequence of video frames using notion
estimaticont on said reference franme; and (c) during
sai d encodi ng (b), for each fra f sai d subsequent frames conpari ng
at | east one frame characteristicXhereof to a preset threshold
and dynam cal |y determ ni ng t herefrom an encode picture type for a
next frame of said subsequent franes. . The net hod of claim

8, wherein said co in C e east _one_intrafrane
characteristic of eééh f%g%ekgggsal 41&% g@@ B%?%ﬁﬁé FEPEr-BYet
threshol d to dynep¢aEing seddeentodinm @I’)GOéél@I@lQﬂ@nyﬂ@)f:Oﬁnﬂhe next

frame of said suaﬁe%@ﬁﬁaﬁr@n&e; §@1|:da Qfé@c@dgr@hdﬁtélﬂ’ qntetl%eeorr@blpsl ng either

an | frane or frane g‘ erein sai d
ay 1d at leas one ame F a acterlstlc %ﬁh
ref erence franme conprlses an SPREr 82 ods ( ne,” " and erein said

encodi ng (b) cofpifsesessicddireghedéh said repeatlng comprising
assigning an I picture type to a next subsequent
frame after said at least one frame characteristic
exceeds said preset threshold.

12. The method of claim 11, wherein said at
least one frame characteristic comprises a number of
intra-coded macroblocks in said frame of said
subsequent frames, and wherein said preset threshold
comprises a percentage of a total number of
macroblocks within said frame of said subsequent

frames.

13. The method of claim 8, wherein said
encoding (b) comprises encoding multiple subsequent
frames of the sequence of video frames using only
forward prediction motion estimation based on said
reference frame, and wherein each of said multiple

subsequent frames is encoded as a B frame.

14. The method of c¢laim 8, wherein said
encoding (a) and said encoding (b) each comprise

encoding in accordance with MPEG standard.



frame of said subsequent franmes as a bi- directionally predictive-coded (B)

| I:lrzlmren 10, furt her”“‘“l)mllLImHmUUIﬂtl ng sai d encodl ng (1(}1) ngi (Tategggd?];lg

(b), and said conparing X c) f8r & next group of pictures (GOP) when said at
| east one franme characteristic exceeds said preset threshold, said
repeating conprising assigning an | picture type to a next subsequent frame
after said at | east one frame characterjssti c exceeds said preset threshold.
12. The method of claim 11, wherein said at | east one frame characteristic
conpri ses a nunber of intra-coded nacroblocks in said frame of said -
subsequent franmes, and wherein said preset threshold conprises a percentage
of a total nunber oflPacrolslystks fpx Hnvogding ar sepragices @ifdvédesequent

franes. $3amdbe g@itdﬂgq,segmc&@h;;@l%m\yner ein said encoding (b)
conprises encodi ng nultlple subsequent franes of the sequence of video
frames using only forward prediction notion estimation based on-said
reference frame, and wherasi renggdhr ofoumied ol rept Vs Uisegeanenteanes s

encoded as a B franeef v1deo fraﬂ\esThga{@témgdgf: g}@d\ml&g wherein said

encoding (a) and sai gy encading (1 rise encoding in accordance
with MPEG st andard. EnEPERE U }‘C S SURLLS], engp

means coupled to said encoder for
dynamically determining as a function of
activity within the sequence of video frames a
group of picture (GOP) length for at least one
GOP of the encoded bitstream produced by said
encoder.

16. The system of claim 15, wherein said
encoder comprises means for encoding a frame of the
sequence of video frames as an intra-coded (I) frame
and means for employing forward prediction motion
estimation based on gaid encoded I frame for each
frame of a variable number of frames temporally
subsequent to said I frame, said I frame and said
variable number of frames temporally subsequent
thereto comprising said GOP length of said at least
one GOP, and wherein said means for dynamically
determining comprises means for dynamically
determining said variable number of frames temporally
subsequent to said I frame to be encoded employing
forward prediction motion estimation based on said

enceoded I frame.



23 15. A system for encoding a sequence of video franes, said
system conpri si ng: an encoder coupled to receive the sequence

bitstream and o eans coupl 8d Lo Ji“ﬂlﬂﬂﬂﬂllﬂﬁmded

dynam cally determ ning as a function of act’ vi ty within the sequence
of video franmes a group of picture (GOP) length for at |east one

GOP of the encoded bitstream produced yy said encoder . 16. The
system of claim 15, wherein said encoder conprises nmeans for encoding a
frame of the sequence of vi.deo frames as an intra-coded (I) frame and neans
for enploying forward prediction notion estination based on said encoded |
frame for each franeldf a@rheaamiyabke ofimbderimofief remesirempadal |y subsequent

to said | frarreenéaagrlc&ﬁ@q%e%nﬁleéaé dfdiareh@QEEn@UéQ}ﬁ{ f%mteraﬁes tenporal Iy
subsequent thereto conpr | g%lglg %t of " sald | east one GOP, and
wherein sai d me&Rsd9t &7 ’oﬁaem 87 ?jfet SmE%JFPpIr]IYséé‘bﬁﬁaH%mf’or
dynam cal | y det é&onmeaidégl stxraney ausi abbi- dirdoeioofl iy gumesiitcenperal | y

subsequent to saigdel {BANErd, b%nenﬁﬂgf&rpréaheyc@ﬁ f&Qigiar d prediction
notion estimation based on aa\
comprises saild encoded 1 frame and said variable

number of encoded B frames.

18. The system of claim 15, wherein said means
for dynamically determining comprises means for
determining said GOP length by directing said encoder
to encode a frame of the sequence of video frames as
a reference frame, and to encode subsequent frames of
the sequence of video frames using motion estimation
based on said reference frame, and wherein said means
for dynamically determining further comprises means
for beginning a new GOP when an encoded frame of the
subsequent frames has a predefined picture

degradation compared with said reference frame.

19. The system of c¢laim 18, wherein said means
for dynamically determining comprises means for
comparing for each frame of said subsequent frames at
least one intraframe characteristic thereof to a
preset threshold, and wherein said means for
dynamically determining furthef comprises means for
beginning said new GOP when said preset threshold is

exceeded.



encoded | frane. 24 17. The
system of claim 16, wherein said encoder conprises neans for encodi ng each
frame of said variable nunber of frames tenporally subsequ i

frame as a bi-directionally predictive- coded (B) frane, ammlmmmllﬂuullum
GOP I ength conprises said encoded | franme and said vari abl e* nunbér &f s *
encoded B franes. 18. The system of claim 15, wherein said neans for
dynam cal |y determ ning conprises neangsfor determ ning said GOP | ength by
directing said encoder to encode a franme of the sequence of video franes as
a reference franme, and to encode subsequent franes of the sequence of video
frames using notion estimtion based on said reference franme, and wherein
sai d neans for dyna2® calThe deseem of ngafinr tther whengin seddmeans f or

begi nni ng a newe&LP Jhen: AtgraRdech{ 1R 9k § B 5 UDRAAURANS LaMes has a
predefi ned pictu

e d dat d t h id f f )
19. The systenFS%SCfgﬁégfg?kaﬁ5g§$%q%%ﬂﬁﬁkﬁﬁnéa%ﬁ?£%§§%ﬁgggﬁﬁ;ag§ternining

conpri ses neanscofled wampAriavyst witkebe sdidafyant shithe uhdepmuentf r anes at

| east one intrzkpABE, CAR afbift 5&id halreholla AuRbEes elond¥igeiiold, and
wherein said neans for dy determ conpri.ses neans for

begi nni ng sai dPA&W" -%ﬁ%ﬁgégggg%rﬁggfniH&EQ%S%géﬁgg%?éﬁb&?&q

frame.



25 ‘ 20. The systemof claim 19, wherein said at |east one intraframe
'characteri stic of each frame of said subsequent frames conprises a nunber
intra-. coded macrobl ocks within said frame of the subsequent franes,

andn\gﬂmﬂlmumllﬂmggmhﬂgrrgurrber corrprl ses a percentage of a total Zgurrber

A system fdr encoding a sequence of video franes, said system

corrprl si ng: an encoder coup%ad to receive the sequence of
video franmes, said encoder conprising neans for encoding a frane of
the sequence of video frames for-use as a reference frame, and neans

21. A system for encoding a sequence of video
frames, said system comprising:
an encoder coupled to receive the sequence
of video frames, said encoder comprising wmeans
for encoding a frame of the sequence of video
frames for use as a reference frame, and means
for enceding subsequent frames of the sequence
of video frames using motion estimation based on
said reference frame; and

means for comparing at least one frame
characteristic of each frame of said subsequent
frames to a preset threshold, and means for
dynamically determining therefrom whether to
continue to encode a next frame of the
subsequent frames using said motion estimation
based on said reference frame.

22. The system of claim 21, wherein said
reference frame comprises an intra-coded (I) frame,
and wherein said encoder comprises means for encoding
each frame of said subsequent frames as a bi-
directionally predictive-coded (B) frame.

23. The system of claim 22, further comprising
means for beginning a new GOP when said at least one
frame characteristic exceeds said preset threshold,
said means for beginning comprising means for
assigning an I picture type to a next subsequent
frame after said at least one frame characteristic
exceeds said present threshold.



~for encoding subsequent franes of the sequence of video franes using
notion estimati on based on said reference franme; and nmeans

for conparing at ﬂ characteristic of each frame of said
subsequent Mﬂmﬂlllﬂm\ mmmt t hreshol d, and neans for
dynami cal | y det er iti nf ng- t Her éf r &m whet her to continue to encode a next

frame of the subsequent franes using said notion estimation based
on said reference frane. ’ 22. Thg~ysystem of claim 21, wherein said
reference frame conprises an intra-coded (1) frame, and wher'ein said
encoder conprises nmeans for encodi ng each frane of. said subsequent franes
as a bi- directionally predictive-coded (B) frane. 23. The system of
claim 22, further c@dpri Fhagsysaw dfoclbeyi 2hi hexredewseO? athen said at

| east one franel&hal aglkekraht Colgeradsisaid Rsalsdhreshakgn sai d neans

for begi nning co risi ans, for assignin i_ctuyr e to a next

f | {
subsequent frarrerrg;'?et é)rfn%z?il SEPPERT aw?gn%n‘b “dcf r?gf%/ exceeds said

present threshoteded macroblocks in said frame of said subsgguent 24. The

system of cl ai fEZdunes\hen@ Wheak th adaledsbsaperhirsmI1chabapt-eststdc

compri ses for each Jram ofe 53l g, SHRRGHUSNL " FAIRS, AAUEL,e) 1ntra-

said frame of said subseguent frames.



coded macrobl ocks in said frame of said subsequent franes, and wherein said
'preset threshol d conprises a percentage of a to r obl ocks
within said frane of said subsequent framnes. ,m"ﬂm'",mlnw

28 25. An article of manufacture, conprisin conput er usabl e
nmedi um having a conputer- readabl e progran1code means enbodi ed therein for

causing a conputer to affect encoding of a sequence of video franes, the
conput er - r eadabl e program code nmeans in sgaid article of manufacture

conpri si ng: conputer-readable program code neans for
causing a conputer to affect encoding the sequence of video frames to
produce an " encoded bitstream and conput er - readabl e -
program code nmeans 25. fRoy aggasiiagoh momfacenrep ednfmysing:  dynanical ly
determ ning as a function of activity within the sequence of video
frames a group of picture east one GOP of the
encoded bitstream saf%""‘&%z‘ﬁ% lg%ﬁﬁf]ye FECEPR ﬁ?W%@C&PF‘PH&er during

sai d encodi ng. readable program code means embodied therein for
causing a computer to affect encoding of a
sequence of video frames, the computer-readable
pregram code means in said article of

manufacture comprising:

computer-readable program code means
for causing a computer to affect encoding
the sequence of video frames to produce an
encoded bitstream; and

computer-readable program code means
for causing a computer to affect
dynamically determining as a function of
activity within the sequence of video
frames a group of picture (GOP) length for
at least one GOP of the encoded bitstream,
said dynamically determining occurring

during said encoding.



29 26. The article of claim?25, wherein said conput
‘program code neans for causing a conputer to affect encodllmmﬁm wgm””“l
conput er- readabl e program code neans for causing a conputefr tco a

encoding a frame of the sequence of video frames as an intra-coded (1)
frame and enpl oying forward prediction notion estinmation based on said
encoded | frame for each frame of a variable nunber of frames tenporally
subsequent to said encoded | franme, said | frame and said variabl e nunber
of frames tenporally subsequent theret?—)9 conprising said GOP Il ength of said
at | east one GOP, and wherein said conputer-readabl e program code neans for
causing a conputer to affect dynamcally determ ning conprises
conput er - r eadabl e peégr athe oaher ivd@no£f olaxa e ng:haredmpaae«i to affect

dynam cal Iy detggy egggrééagoy@rﬁz%@r%mnw@@rmgn rf%%e%ahemgrglly
subsequent to sai ég encoded enpl oying forward prediction
nmoti on esti mat |°t?ﬁ‘pb‘§§’édt8n ‘F‘bt ENCEFRHT| CPTRINEESS” COmPULes7  The article of

cl ai m 26, wher eieadsdild progpan erodec acalbsefpr ogcpamngo e comgnsef otocausi ng a
conputer to af faﬁﬁﬁe&n%%bagngogpﬂaﬁ&s SEOPRET 8Lqued RAURDLE gRKOgr am code

means for causi conputer_to ect odi i ch frarre of said
vari abl e nunbertq%f“‘esf PEMES %Eﬁf)%r"acfc{ (&gsgﬁﬁ‘é‘?l?art‘%l TREYI"Br ane as bi -
directional |y pretieatd weedodbdod Blotficanest andt iwhrersised sai ¢aBGIP | engt h

]g:orrpri ses sai d gpcored 1l shhaRer@PadRirdaMar babl e, A0l ofingcoded (B)
r anes.

of frames temporally subsequent to said encoded I
frame, said I frame and said variable number of
frames temporally subsequent thereto comprising said
GOP length of said at least one GOP, and wherein said
computer-readable program code means for causing a
computer to affect dynamically determining comprises
computer-readable program code means for causing a
computer to affect dynamically determining said
variable number of frames temporally subsequent to
said I frame to be encoded employing forward
prediction motion estimation based on said encoded I
frame.

27. The article of claim 26, wherein said
_ computer-readable program code means for causing a
computer to affect encoding comprises computer-
readable program code means for causing a computer to
affect encoding each frame of said variable number of
frames temporally subsequent to said I frame as bi-
directionally predictive-coded (B) frame, and wherein
said GOP length comprises said encoded I frame and

said variable number of encoded (B) frames.



Ly

30 28. The article of claim?25, wherein said conputer-readabl e
program code nmeans for causing a conputer to affect dynam cally determ ning

co t.ef; r eadabl e program code neans for causing a conputer to
afwmﬂﬂaﬂgmm)det ermning said GOP l-ength by directing said encodi ng
to " «0f the sequence of video franes as a reference frane, and
to encode subsequent frames of the sequence of video frames using notion
estimation based on said reference frgge, and wherein said

conput er -r eadabl e program code nmeans for causing a conputer to affect
dynam cally determ ning further conprises conputer- readable program code

means for causing a,go ter Lo, effoefctc ggai#@i ng a new gle when an encoded
frame of said subsequent Tranmes has a 6re efi’he ﬁl cfluPé gegradati on

conpared wi th SePRMYEIercadeblerayegram code pepnsTeracpleiegod cl ai m 28,
wherein sai d ceompiitesr neaddiket pdRHENat ogdedsbane fiok earpiDged@ conputer to

af fect dynam cgl} ugﬁt-‘é{egd%mg g%g%%a{ s%%dgo&e%%l}grr are of .sai d subsequent

gsing~a
franmes COI’TpUt er- eada rogr e nmeans causing a COI’TpUt er to

af fect conpari AgPRECG R4St adAeCt nfyrawiare lyhderaiming 6aifefeBf to a preset
threshol d, andlshetieiby sHirdceangus£ic ldaddbhe ¢ agica@ecaderamans for
causing a CO”PE]%GEhé Os@%Je%%te dyngcald v, det gL 'l‘e'}%rfe'ﬂ%{%h%% QMDY 1 S€S
conput er - r eadabl e program code neans for causing a conputer £0%af f ect

begi nni ng sai d2RBW-BEPGRHEN SERFEIRPRIs diraRpechdiif iseweaeeded.

video frames using motion estimation based on said
reference frame, and wherein said computer-readable.
program code means for causing a computer to affect
dynamically determining further comprises computer-
readable program code means for causing a computer to
affect beginning a new GOP when an encoded frame of
said subsequent frames has a predefined picture

degradation compared with said reference frame.

29. The article of c¢laim 28, wherein said
computer-readable program code means for causing a
computer to affect dynamically determining comprises
for each frame of said subsequent frames computer-
readable program code means for causing a computer to
affect comparing at least one intraframe
characteristic therecf to a preset threshold, and
wherein said computer-readable program code means for
causing a computer to affect dynamically determining
further comprises computer-readable program code
means for causing a computer to affect beginning said

new GOP when said preset threshold is exceeded.



31 30. The article of claim29, wherein said at |east one intraframe
"characteristic conprises for each frane of said subsequent franes a nunber
of intra-cod et hin said frane of said subsequent franes, and
wher ei n sai djmglgmammﬂ’ﬂmlconpri ses a percentage of a total nunber of
macr obl ocks ik sai di s 32 31. An
article of manufacture, conprising: a conput er usabl e nmedi um havi ng
a conputer- readabl e program code neans enbodi ed therein for causing a
conputer to affect encoding of a sequeﬂce of video franes, the
conput er -r eadabl e program code neans in said article of manufacture
conprising:

30. The article of claim 29, wherein said at

least one intraframe characteristic comprises for

each frame of sald subsequent frames a number of .
intra-coded macroblocks within said frame of said
subsequent frames, and wherein said threshold number
comprises a percentage of a total number of

macroblocks in said frame.



_cor‘rﬁut er -readabl e program code neans for causing a conmputer to affect

encodi ng a frame of the sequence of video franes forJJ"

ref erence frane; conput er - r eadabl e program co milms"m“m,
H *

causing a conputer to affect encoding subsequent franmes df thew
sequence of video frames using notion estimtion based on sai d
reference franme; and . conput er - readabl e program code neans

for causing a conmputer to-affect, for gzgh frame of the subsequent
franmes, conparing at |least one fr characteristic thereof to a
preset threshold and dynam cally determ ning therefroman encode

pi cture type for a next frane of said subsequent franes. )

32. The article of clai.m 3h avbetr rosaaduEgé@iRICRohbaIBiLHNPri Ses an
intra-coded (1) franme, and wherein said conputer-readabl e program code
means for causing a conputer to affect encoding subsequent frames conprises
conput er - r eadabl e pr ogr am® 68BPRERN S Fodr ec BEd1 ¥y PR vépEpat ePrRY e f ect

encodi ng each frane aofesnildespbsetuerdoder agRss asnddiieddthegéiwnadt v

predi ctive-coded (B) ég&gﬁﬁg a computer to affect encoding of a
sequence of video frames, the computer-readable
program code means in said article of

manufacture comprising:

computer-readable program code mearis
for causing a computer to affect encoding a
frame of the sequence of video frames for

use as a reference frame;

computer-readable program code means
for causing a computer to affect encoding
subsequent frames of the sequence of video
frames using motion estimation based on

said reference frame; and

computer-readable program code means
for causing a computer to affect, for each
frame of the subsequent frames, comparing
at least one frame characteristic thereof
to a preset threshold and dynamically
determining therefrom an encode picture
type for a next frame of said subsequent

frames.



_333"The article of claim 32, wherein said conputer-readabl e program code
‘neans for causing a conputer to affect dynamically determ ning further
conpri ses conputer-readable program code means for causing a conmputer to

affect aSSI ni-n icture type to a next subsequent franme after said at
| east Hﬂ Mﬂﬂgerlstlc exceeds said preset threshold. 34.
The art wherein said at | east one frane characteristic
conpri ses a nu i ntra-coded macrgpl ocks in said frane of said

subsequent franes, and wherein said preset threshold conprises a percentage

of a total nunber of macroblocks within said frame of said subsequent
franes.

32. The article of claim 31, wherein said
reference frame comprises an intra-coded (I) frame,
and wherein said computer-readable program code means
for causing a computer to affect encoding subsequent
frames comprises computer-readable program code means
for causing a computer to affect enceding each frame

of said subsequent frames as a bi-directionally
predictive-coded (B) frame.

33. The article of claim 32, wherein said
computer-readable program code means for cadsing a
computer to affect dynamically determining further
comprises computer-readable program code means for
causing a computer to affect assigning an I picture
type to a next subsequent frawme after gaid at least

one frame characteristic exceeds said preset
threshold.

34. The article of claim 33, wherein said at
least one frame characteristic comprises a number of
intra-coded macroblocks in said frame of said
subsequent frames, and wherein said preset threshold
comprises a percentage of a total number of

macroblocks within said frame of said subsequent
frames.



