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REAL-TIME ENCODING OF VIDEO SEQUENCE EMPLOYING
TWO ENCODERS AND STATISTICAL ANALYSIS

Technical Field

This invention relates in general to compression
of digital visual images, and more particularly, to a
technique for real-time encoding of a video sequence
using image statistics derived from the video
sequence to dynamically change one or more
controllable encoding parameter(s) from frame to
frame or within a frame.

Background of the Invention

Within the past decade, the advent of world-wide
electronic communications systems has enhanced the



Techni cal Field This invention relates in general

sequence to dynami cally change one or nore controllable encoding

paraneter(s) fromfranme to frame or within a frane.

Background of the Invention Wthin the past decade,
wor | d-wi de el ectroni c commruni cati ons systens has enhanced the

o . _ to conpression of
digital visual inmages, and nore particularly, to a techni que for

encodi ng of a video sequence using inmage statistics derived fromthe video

real -tine

t he advent of

- 2- way in which people can send and receive information. In
particular, the capabilities of real-time video and audio systenms have
greatly inproved in recent years -I'n order to provide services such as

e S
In particular, the capabilities of real-time video

and audio systems have greatly improved in recent

yvears. 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 conétraintsﬂimposed by
- networks, compression systems'haveTemerged.

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.

‘One example of an emerging video compression
standard is the Moving Picture Experts Group ("MPEG")

standard. Within the MPEG standard, video

compression is defined both within a given picture
and between pictures. Video compression within a
picture is accomplished by conversion of the digital
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
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net wor ks, conpressi on systens have energed. These systens reduce the anount
of video and audi o data which nust be transmtted by renoving redundancy in
the picture sequence. At the receiving end, the picture sequence is
unconpressed and may be displayed in reagl-tine. One exanple of an
energi ng video conpression standard is the Myving Picture Experts G oup
("MPEG') standard. Wthin the MPEG standard, video conpression is defined..
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describe the translation of a set of picture elenents (pels) fromone

pi cture to another. The | SO MPEG- 2 standard specifies only the - -
synt ax of bitstrea@nenaspestnofcthefentadingcpupeess is

compressing a digital video image into as small a
bitstream as possible while still maintaining video
detail and quality. The MPEG standard places
limitations on the size of the bitstream, and
requires that the encoder be able to perform the
encoding process.'_Thus, simply optimizing the bit
rate to maintain desired picture quality and detail
can be difficult.

For example, a bit rate is defined in bits per
second. Based on the frame rate and type of picture
being encoded, a number of bits per picture is
assigned. At 6,000,000 bits per second (6 Mbps), and
pictures at 30 picture frames per second, each
picture would be allocated 200,000 bits assuming that
the bits are allocated uniformly. With a 720x480
picture having 1350 macroblocks, this translates into
148 bits allocated per macroblock. Thus, in the case
of scene changes and action videos, the bit rate can
be quickly consumed with drastic changes between
macroblocks and/or between frames. Picture quality
and detail can suffer as a result.

Video compression requires advanced techniques
to achieve the highest amount of compression, while
still obtaining a desired picture quality. Variable
bit rate (VBR) encoding is an option in video
compression that allows for each compressed picture
to have a different amount of bits based on



-3- process. The choice of coding paranmeters and tradeoffs in
performance versus conplexity are left to the encoder devel opers.

One aspect of the encoding process is conpressing a digital video inmge
into as small a bitstream as possible while still maintaining video detai
and quality. The MPEG standard places Iimtations on the size of the
bitstream and requires that the encodgf be able to performthe encoding
process. Thus, sinply optimzing the bit rate to maintain desired picture
quality and detail can be difficult. For exanple, a bit rate is
defined in bits per second. Based on the frame rate and type of picture
bei ng encoded, a nunbér of bits per picture is assigned. At 6,000,000 bits
per second (6 Mps), and pictures at 30 picture franes per seeond, each
picture moulciqﬂﬂE&P¥é6Xteg doprdorndi inEersBiGEMP that the bits are

al  ocat ed uni foiaraytevidsbieas 720RdB Oexantle, esbenes oviltdb@impdeobl ocks, this
transiates i Nt chbbebcbhhtOfahe #9'a BI6EDLEGK pallbin) Ruthe case of

scene changes "and ,actign |£eos th blﬁ)rat can b i ckly consuned with
drastic changé’?%’éﬁﬁeéﬁgﬂk Sﬁ?‘t)tlﬁ(sf%ﬁﬁi &Fsbg?m%‘é‘f?f‘?}#\?é‘. %e@ﬁﬁre qual ity
and detai |l carwistiif compddcatedspleture contentdésuch s & snowdedqui r es
advanced techrgicg.ye thieed§NiaVErabe b BirSlinadBY Mt edipiidpeessi on, while
still obtaining g desire gicturﬁ qﬁalit . Vh%iiﬁgeagﬂt r at VBR) encodi ng
is an option iFaAiR0 cHSSREES; 8 theangunt,of: Lniexmat ed picture .
is needed to characterize the video and the - Lo

complexity of the algorithms needed to interpret the
information to effectively enhance the encoding -
process, VBR encoding 1is conventionally accomplished
in a non-real-time, two or more pass encoding
process. In a first pass, statistics are gathered
and analyzed, and in a second pass, the results of
the analysis are used to contrel the encoding
process. Although this produces in high quality
encoding, it does not allow for real-time operation.

This invention seeks to enhance picture quality
of an encoded video sequence while still obtaining a
high compression rate by providing a real-time VBR
video encoding scheme.

Disclosure Of The Invention

Briefly summarized, this invention comprises in
one aspect a method for encoding a sequence of
frames. The method includes: employing a first
encoding subsystem to analyze the sequence of video
frames and derive information on at least one
characteristic thereof, the at least one
characteristic being at least one of scene change,
picture quality, bits used, target bit rate, and
picture type; automatically processing the at least
one characteristic in real-time to produce a value



to have a different anmount of bits based on

-4- conplexity of intra and inter-picture characteristics. For
exanpl e, scenes with sinple picture content (such as a color test pattern)
will require significantly less bits to encode than scenes with conplicated
pi cture content (such as a crowded city street) in order to obtain desired
picture quality. Because of the amount qof information that is needed to
characterize the video and the conpl exity of the algorithns needed to
interpret the information to effectively enhance the encodi ng process, VBR
encoding is conventionally acconplished in a non-real-tinme, two or nore
pass encoding process. In a first pass, statistics are gathered and

anal yzed, and in a second pass, the results of the analysis are used to

control the end®¥ A& peBEtsene PREERMANIR BaraRshsTe2sPH fRgh quality
encodi ng, it dearoddngakhewséqueneal ot iviceopfranesgnand encd@iingi nventi on

seeks (o enhancmduilienol|akl (¥ash AmhiRicaustoyiled seauRace uhile still
gh ¢co

obtai ning a hi ession rate rovidpn real -tinme_VBR video
encodi ng schengencoding S“bsYStemlj“é%l‘g%mgethfgﬁé‘el r‘l\fe:‘i‘k‘faoﬁt

least one controllable parameter to produce a
bitstream of encoded video data.

In another aspect, the invention comprises a
system for encoding a sequence of video frames. The
system includes a fi:st encoding subsystem, aucoﬁtrol
processor and a second enéoding subsystem. The first
encoding subsystem is employed to analyze the -
sequence of video frames and derive information on at
least one characteristic thereof. The at least one
characteristic comprises at least one of scene '
change, picture quality, bits used, target bit rate,
and picture type. The control processor is coupled
to the first encoding subsystem for automatically
processing in real-time the information on the at
least one characteristic to produce a value for at
least one controllable parameter used in encoding the
sequence of video frames. The second encoding
subsystem is coupied to the control processor for
receiving the value of the at least one controllable
parameter. The second encoding subsystem encodes
each frame of the sequence of video frames using- the
corresponding value of the at least one controllable
parameter, thereby producing a bitstream of encoded
video data.

In a further aspect, the invention comprises a
computer program product including a computer usable
medium having computer readable program code means
therein for use in encoding a sequence of video



Briefly summarized, this invention conprises in one aspect a nmethod for
encodi ng a sequence of franes. The nethod includes: enploying a first
“encodi ng subsystemto anal yze the sequence of video franes and derive
informati on on at |east one characteristic thereof, the at |east one
characteristic being at | east one of scene change, picture quality, bits
used, target bit rate, and picture typ%§ automatically processing the at
| east one characteristic in real-tine to produce a val ue

- 5- for at |east one controllable paraneter used in encoding the
sequence of video franes; and encodi ng the sequence of video framnes

enpl oyi ng a second encodi ng subsystem and using the value of the at |east
one controll able paraneter to produce a bitstream of encoded vi deo data.

I n anot her aspfeames he They SerpYketorprialle Rregrean FId MeRESdiRg a sequence
of video franmeghe Tdvmputsire Priogtandpsodudt rinkladesdeonipwidrsyst em a contr ol
processor and g gee01dl SNGAdGEUORUIRE Bor BRubLAS o GGG FUDSYSTEm i S
enpl oyed to anaryze sequence_of video franes anhd derrve | nformtion on
at - affect: analyzing the sequence of video frames and

deriving information on at least one characteristic
thereof, the at least one characteristic comprising

at least one of scene change, picture quality, bits
used, target bit rate, and picture type; .
automatically processing the at least one : _ug;-,,
characteristic to produce a value for at least one
controllable parameter used in encoding the sequence’ -
of video frames; and encoding the sequence of video - -
frames using the value of the at least one '
controllable parameter to producé a bitstream of
encoded video data. “

In general, encoding in accordance with the
principles of the present invention results in
improved picture quality compared with non-adaptive
encoder systems, especially at low bit rates. This
is because, for example, employing adaptive bit
allocation among frames (as well as within frames) is
more critical in low bit rate encoding compared with
higher bit rate encoding. The present invention
comprises a real-time video data encoding approach
which employs two encoders and real-time statistical
processing. The statistical processing is .
accomplished within a processor coupled between the
first encoder and the second encoder to analyze the
statistics produced by the first encoder and to
develop encoding parameters for the second encoder.
The second encoder then uses the enhanced encoding
parameters to provide a high quality, highly
compressed video stream. The MPEG-2 Standard is



| east one characteristic thereof. The at | east one characteristic conprises
at least one of scene change, picture quality, bits used, target bit rate,
and picture type. The control processor is coupled to the first encodi ng
subsystem for automatically processing in real-tine the information on the
at | east one characteristic to produce a value for at |east one
control | abl e paraneter used in encoding,the sequence of video frames. The
second encodi ng subsystemis coupled to the control processor for receiving
the value of the at |east one controllable paraneter. The second encodi ng
subsystem encodes each franme of the sequence of video franmes using the
correspondi ng val.ue of the at |east one controll abl e paraneter, thereby
produci ng a bitstream of encoded vi deo dat a. In a further aspect,

t he i nventi on288HPEHE RO I8 GANGEPEM PFOtRted hergdnngal conput er
usabl e nedi umappiliyngocothedt estamdaiaid aspwell ammnsthersakket herein for use

in encoding a HERGCL&én éyg) f this i ention an nsure a - 6-
frames. The cg?rl%%t e?gregé %1' po ram.co p maans? e (r::orrputer program

de
product i ncl ufeRicGRpEEARE (RAGEIF ?ﬂ%i$ﬁ§n?€o%eﬂ?ﬁgﬂﬁ9 dAePausi ng a

conputer to sequence in constant bit rate (CBR) mode or a
~ constant picture quality in variable bit rate (VBR)
encoding mode. _ . e

rief script o' f

The above-described objects, advantages and .
features of the present 1nvention, ‘88 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 motioh
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"" is being
encoded with motion estimation.



affect: analyzing the sequence of video franes and deriving information on
at | east one characteristic thereof, the at | east one characteristic
conprising at | east one of scene change, picture quality, bits used, target
bit rate, and picture type; automatically processing the at |east one
characteristic to produce a value for at |east one controll abl e paraneter

used in encodi ng the sequence of video éranes; and encodi ng the sequence of

video frames using the value of the at Teast one controllable paraneter to

produce a bitstream of encoded vi deo dat a. In general, encoding in
accordance with the principles of the present invention results in inproved
picture quality conpared with non-adaptive encoder systens, especially at
low bit rates. This is because, for exanple, enploying adaptive bit

al l ocati on anmong fR¥ge2 (iddustrates the htn Phr andsP PECEF®Scritical in | ow

bit rate encogdiifpLsms¥ thewiﬂ @iBpyagr akd ttrlaabmeec@ﬂidsugdeﬂwh,e V\Ereﬁent |
I nvention co S al -t e roac Ich e oys
”Eﬂg f‘éﬁ]’ ;fc‘f %ﬁc‘écp%& 3¢ orf g%%ﬁk@@:rﬁxgp Pl 0y

two encoders I'cal processing statistical
processing i s acconplished mnthln a processor coupl ed between the first
encoder and the sepggd Frnadstrateanthyzseddoh firami Sheasotadiuced by the

first encoder ggemgghgﬁvﬁo% rhCQ_‘qll nguggéﬂer?é%gé Lgr rarre gc&;\d encoder.

The second en& § en ‘uses e enhance ers to prOV|de a
high quality, thﬁghﬁﬂc%?ﬁ@é’éﬁadﬂxﬂcéfeéns?r%emé I\PECPEe‘S’f%‘Fﬁiard i s
frame or picture. -Elements 211 -and 211°' represent

the same location in both pictures.

Fig. 4 illustrates the movement of blocks in
accordance with the motion vectors from their
position in a previous picture to a-new picture, and'
the previous picture‘'s blocks adjgsted after using
motion vectors.

Fig. 5 shows a flow diagram of an encoding
system 300 employing a first encoding subsystem E1l
and a second encoding subsystem E2 in accordance with
the principles of the present invention. Subsystem
El is configured to derive statistics on one or more
characteristics of a sequence of frames to be
encoded. These characteristics are employed by
subsystem E2 to adaptively encode the sequence of
frames to optimize picture quality and/or encoding
performance.

Fig. 6 is a generalized diagram of an encoding
subsystem in accordance with the present invention.
Subsystem El is employed to generate, for example,
non-motion statistics and inter/intra motion
statistics using non-motion statistics gathering 420
and encoding engine 410, respectively, while



-7- assunmed; however, the concepts presented herein can apply to other
standards as well. Further, the encoding technique of this invention can

i nsure a sem -constant picture quality of a decoded vi deo sequence in
constant bit rate (CBR) npbde or a constant picture quality in variable bit

rate (VBR) encodi ng node. Brief Description O The Draw ngs
The above-described objects, advantages, and features of the present
i nvention, as well as others, will be nmore readily understood fromthe

fol | owm ng detailed description of certain preferred enbodinents of the
i nvention, when considered in conjunction with the acconpanying draw ngs in
whi ch: Fig. 1 shows a flow diagram of a generalized MPEG 2 conpli ant

encoder 11, including a discrete cosjne transf r. 21 . ntizer 23, a
vari abl e | engEpbEwRm B2 9%¥qrﬁ$§?s§LﬁLEﬂﬁﬁ §rgig§tﬁﬁa“ R

_ n i nverse discrete
cosi ne transfencedind, emyineodi®enpensation 41, frame nenory 42, and notion
estimation 43. The -data paths include the ith picture input 111, difference

data 112, notion vectors 113 0 t.i on conmpensat i 41 and to vari able
| ength coder 25), ¥48-pf c’t"ﬁr.’ewf’iiﬁ?mt eaf‘e%%igg g

( ( pi cture for notion
estimati on andmbodpeestitohran ¥ncodingt hystan 560 &vnpeserdanfei cture 101.

This figure hgsehhen@ssrimetigies dHkniBeiddetibnpi Cépgceredog s in frane
remory of fraggpigggea4giégk ééggﬁfﬂaeshgé;éﬂéd‘EESSPEI£§h a
second encoding subsystem'E2_540_cdhp1ed.via a '
controlling processor_szo} . Subsystem El is
configured to derive'étatistics on%one-or'more e
characteristics of a sequence of frames to be
encoded. These characteristics are statistically
analyzed by controlling processor 520 to dynamically
cdevelop a value for one or more controllable
parameters to be used by subsystem E2 in encoding a
Ccurrent frame of the sequence of frames, thereby
optimizing picture quality and/or encoding
performance.

Fig. 8 is a generalized flow diagram pursuant to
the present invention, wherein a sequence of video
data is input to subsystem El, which produces
information on scene change, picture quality, bits
used, picture type and/or target bit rate. This
information is forwarded to controlling processor
(CP) 520, which in this example provides a
quantization parameter (Mquant) to the second
encoding subsystem E2 540. Subsystem 540 also '
receives as input a synchronized, delayed version of
the sequence of video data.

Fig. 9 is a flowchart of one embodiment of
statistical processing performed by controlling - -

processor (CP) in developing one or more parameters



encdded with nmotion estimation. - 8-

Fig. 2 illustrates the I, P, and B pictures, exanples of their display and
‘transni ssion orders, and forward, and backward notion prediction.

Fig. 3illustrates the search fromthe notion estimation block in the
current frame or picture to the best matching block in a subsequent or
previous frame or picture. Elenments 211 _and 211 represent the sane | ocation
in both pictures. Fig. 4 i || ustTHtes the novement of bl ocks in
accordance with the notion vectors fromtheir position in a previous
picture to anew picture, and the previous picture's blocks adjusted after
usi ng notion vectors. Fig. 5 shows a flow diagram of an encodi ng
system 300 enploying a first encodi ng subsystem El and a second encodi ng
subsyst em E2 £EpraveerHareentyalline: ejceding| et tdie siegupnesedt i nventi on.

Subsystem El k3deendagargd tie dRidond ehebdsid GSubdystea 8R.NOre

est Mode fo a the vent

The invention relates, for gxample, to MPEG
compliant encoders 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 International 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
compression includes intensive reconstructive
processing, such as inverse discrete cosine
transformation, inverse quantization, and motion
compensation. Motion estimation and compensation are
used for temporal compression functions. Spatial and
temporal compression are repetitive 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.



characteristics of a sequence of franes to be encoded. These
characteristics are enployed by subsystem E2 to adaptively encode the
sequence of frames to optimze picture quality and/or encodi ng perfornance.
Fig. 6 .is a generalized diagramof an encoding subsystemin accordance
with the present invention. SubsystemEl is enployed to generate, for
exanple, non-notion statistics and inter/intra notion statistics using
non-notion statistics gathering 420 aﬂ&'encoding engi ne 410, respectively,

whi |l e -9- subsystem E2 generates.
t he encoded bitstream using encodi ng engi ne 410. Fig. 7 is a block

di agram of an_alternate enbodinment of an encodi ng system 500 in accordance
with the principles of this invention. System 500 enploys a first encoding
subsystem El 510 amhle af fectorabngmessiiog stégs \ist drtheE2134@ngbiphedf via a

control | i ng_PLAGESSOr - adthaardipoyeire Bbhpisd, 0N idaltidateofiesf ve statistics
on one or mrgpgtfg%cégéﬁgéérfgy Ojfn aaL S%%ffncfc OIIref 'R 1;'9“ng:anu-z

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 quantization and run -

length coding to achieve desirable compression. : :

The discrete cosine transformation is an
orthogonal transformation. Orthogonal
transformations, 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
spatial window which is sufficient to compute 64
transform coefficients or sub-bands.

Another advantage of the discrete cosine
transformation is that fast encoding and decoding
algorithms are available. Additionally, the sub-band
decomposition 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 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



encoded. These characteristics are statistically analyzed by controlling
processor 520 to dynami cally develop a value for one or nore controll able

- paranmeters to be used by subsystem E2 in encoding a current frame of the
sequence of frames, thereby optim zing picture quality and/or encoding

per f or mance. Fig. 8 is a generalized flow diagram pursuant to the
present invention, wherein a sequence of video data is input to subsystem
El , which produces infornmation on scenéu%hange, picture quality, bits used,
picture type and/or target bit rate. This information is forwarded to
control ling processor (CP) 520, which in this exanple provides a

quanti zation paraneter (Mjuant) to the second encodi ng subsystem E2 540.
Subsystem 540 al so receives as input a synchroni zed, del ayed version of the
sequence of wakeffiddtemts and theFagplbtude gff tbachemtzexo one enbodi nent of

statistical pLacESRlRer bRl BEdsb¥oded#Plal vag1aBI1&CESER (CP) in
devel opi ng ongoég nore paraneters - 10-

Motion compensation is used to reduce or even
eliminate redundancy between pictures. Motion
compensation exploits temporal redﬁndancy 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
transmissién and thereafter transmitted.

The simplest method of motion compensation and
prediction is to record the luminance and
chrominance, 1.e;, intensity and color, of every
pixel in an "I" picture, then record changes of
luminance and chrominance, i.e., intensity and color
for every specific pixel in the subsequent picture.
However, this is uneconomical in transmission medium
bandwidth, memory, processor capacity, and processing
time because objects move between pictures, that is;
pixel contents move from one location in one picture
to a different location in a subéequent 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+1'"



for.use in controlling encoding of the sequence of video data by the second
encodi ng subsystem E2. Best Mode for Carrying Qut the Invention

The invention relates, for exanple, to MPEG conpliant encoders and encodi ng
processes such as described in "Information Technol ogy- Generic codi ng of
nmovi ng pictures and associ ated audi o i nformation: Video," Recommendati on

| TUT H 262, SO IEC 13818-2, Draft International Standard, 1994. The
encodi ng functions perforned by the encdder incl ude data i nput, spati al
conpression, notion estimation, nmacrobl ock type generation, data
reconstruction, entropy coding, and data output. Spatial conpression

I ncl udes discrete cosine transformation (DCT), quantization, and entropy

encodi ng. Te ral_conpression includes, intensive reconstructive
processi ng, gﬁiﬁgggeT F\%erjsse R EFEPe EBEI?EH:e%Pr 3ﬁ§'f%‘f%t i on, inverse
quanti zat i on, suhdeguent rarsh praviQusoRichaneso #0e Preddet otharrl onpensat i on
are used for beEBRIGf FOENLNAIIAN VeURR! aRNhtebRatilate agl 'tEenpOr al
conpr essi on ar? Eegetltlve functions with high conputational requirenents.
Mor e particulg Fy*tRe i nvention relates, for exanple, to a process for
perform ng spatial and tenporal conpression including discrete cosine
transformation, quasthadaidta iNtthapytREqsEEtuGe ERtOLAIN@SItdEd | on, notion
compensal i on, ,aady Rt G} GhA « A LER N EIRAD! fibk HhbdeddhAyySt em for
acconpl i shing spatial*an enporal _conpressi on. : _

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. In the flowchart the images of the ;thpicture and
the i1+1" picture are processed to generate motion
vectors. The motion vectors predict where a
macroblock of pixels will be in a prior and/or
subsequent picture. The use of the motion vectors is
a key aspect of temporal compression in the MPEG
standard. As shown in Fig. 1 the motion vectors,
once generated, are used for the translation of the
macroblocks of pixels, from the it“picture to the
i+1*" picture. -

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. An input image 111 of a subsequent
picture goes to the motion estimation unit 43 of the



The first conpression step is the elimnation of spatial redundancy, for
exanple, the elimnation 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 bl ock based nmethod of reducing spati al
redundancy. The nethod of choice is the discrete cosine transformation, and
di screte cosine transform coding of the picture. Discrete cosine transform
coding is conbined with weighted scal ar quanti zation and run | ength coding
to achi eve desirabl e conpression. The di screte cosine transfornmation
I's an orthogonal transformation. Othogonal transformations, because they
have a frequency domain interpretation, are filter bank oriented. The

di screte cosine transformation is also_ localized. That is, the encoding
process sanpl eSN¢RAST, iotiom vestorsnddd, a%e ERTMed sas rHhq OMERUS conput e 64
transf or m coef 6f ctlentmotdiors elstimadion unit 43AnThbee weltaovsagareof t he

di screte cosinggdd aﬁsff é%tﬁ'&n' Sohn ehsaaﬁn %&@dwg«;@%&%% ng
al gorithnms are avqgﬁgble di.tiona osition of the

oo e o oo PmAY PR e drioel B ane andl O Plewes RABFIRS S | ou
effective use véfesyet dw aml" refierence 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 goes 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 quantizer 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 ocutput 131 goes through
reconstruction of the encoded macroblock of pixels
for storage in frame memory 42. In the encoder shown
for purposes of illustration, this second output 131
goes through an inverse quantization 29 and an
inverse discrete cosine transform 31 to return a
lossy version of the difference macroblock. This data
is summed with the output of the motion compensation

unit 41 and returns 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
require motion vectors to be defined. These “I"
pictures serve as a reference image for motion
estimation. There are "Predicted pictures" or "p"
pictures which are formed by motion vectors from a
previous picture and can serve as a reference image

for motion estimation for further pictures. Finally,



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-anplitude (run-level) pairs. Each pair indicates the

nunber of zero -12- coefficients
and the anplitude of the non-zero coeffj-cient. This is coded in a variable
| engt h code. Mot i on conpensation is used to reduce or even elimnate

redundancy between pictures. Mtion conpensation exploits tenporal
redundancy by dividing the current picture into bl ocks, for exanple,
macr obl ocks, and then searching-in previously transmtted pictures for a

ey b1k Yo H0 o EBSSlcn L L goce e the curen
picture is act‘ﬂ'érlchyaé‘snﬁ?m%%dlﬁ’d?g W&ﬁgm%%qwsaﬁaophgv%aﬂq}ﬁr o L tted.

The sinpl est faidtatesl, BRei pdst e M2t fotusnd gadedant hot sexrte record the
| um nance anclas 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 T
out, shown in Fig. 3, is by a search from a . . ' '
macroblock 211 of an it 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 macroblocks for the i+1th picture, as
shown in Fig. 4. In this way the i'" picture is .
changed a small amount, e.g., by motion vectors and
difference data, to generate the i+1'" picture. What
is encoded are the motion vectors and difference
data, and not the i+l picture itself. Motion

vectors translate position of an image from picture
to picture, while difference data carries changes in
chrominance,; luminance, and saturation, that is,
changes in shading and illumination.

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 ﬁotion
vectors for the macroblock 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



chrom nance, i.e., intensity and color, of every pixel in an "I" picture,
then record changes of | um nance and chrom nance, i.e., intensity and col or
for every specific pixel in the subsequent picture. However, this is
uneconom cal in transm ssion nedi um bandw dth, nenory, processor capacity,
and processing tinme because objects nove between pictures, that is, pixel
contents nove fromone location in one_ picture to a different location in a
subsequent picture. A nore 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 exanple, with notion vectors, and to
wite the result as "predicted pictures” or  "P" pictures. More

particularly, this involves na%&ggg%_best estimate or prediction of where
the pixels or SFEEFobl BRKER of8 FB& [ T5erepee e chropieafe el be in the
i-1[err] or i-iundnahce between the current macroblock and thd3best picture.

It is one stepatdht PREetENES madttdbivdRsequent and previous pictures to
predict where a block of pixels will be in an internedi ate or "B" picture.

To be noted is that the picture encoding order and the picture transn ssion
order do not neces¥hei ppenationahcfunctionse off 9 WPEGreeenc@lerFig. 2. For

| - are discussed in 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 SchemefFor.Sha;gdjbse Dualfrbrtj; o
Predicted Error Array," wh@bhiié?héiéby~inébfﬁbfaéed-
herein by reference-1nfit€:entireﬁy.f-l- ERRR

As noted initially, encoder performance and/or
picture quality may be enhanced in accordancé with
the principles of this invention through real-time
adaptive video encoding. The video,encoder is
constructed to be adaptive to the video data received
as a sequence of frames. In accordance with one
embodiment of this invention, two encoding subsystems
are employed. A significant advantage of using two
encoding subsystems is the ability to analyze the
video sequence prior to its real-time encoding.
Analysis of the video sequence comprises calculating

one or more statistics which can be derived from the
video data.

The statistical measures can describe different
characteristics of an image frame, for example,.
busyness of a frame, motion between image frames,
scene change or fading, etc. Using the calculated
statistics, adaptive encoding of the video sequence
is then carried out by controlling one or more
encoding parameters of the real-time encoding
process. For example, bit allocation, quantization

PUPRELI



P-B systens the input picture transm ssion order is different fromthe

encodi ng order,

and the input pictures nust be tenporarily stored until

used for encoding. A buffer stores this input until it is used. For
pur poses of illustration
encoding is shown in Fig. 1. In the flowhart the images of the ith picture
I+l [err] picture are processed to generate notion vectors. The
notion vectors predict where a nacrobl ok of pixels will be in a prior
and/ or subsequent picture. The use of the notion vectors is a key aspect of
conpression in the MPEG standard. As shown in Fig. 1 the notion

and t he

t enpor al
vect ors,
pi xel s,

once generated,

fromthe ith picture tg.the i+l[

, a generalized flowhart of MPEG conpli ant

are used for the translation of the macrobl ocks of
shown in

_ _ err pictuge. ed As

Fig. 1, |n_th%?%ﬂmﬁﬁﬁqﬁf)pr8@599}“9h@°??ﬁuﬁ§§'dfcPﬁe P EP399% cture and the’

:/\/;1[ ﬁrr] pi ct firem af gy deeachei It Macvekladd toimagroklegite notion vectors
ich are th i '

pi ctures aree‘gjﬁgl(q) ed{]adrllzigbl

pi cture goes ¢ #
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One embodiment o:-an:encoding;system,-generally

denoted 300,
this inventi
Standard is

explanation;

in accordance with the principles of
on is depicted in Fig,jsq\ The MPEG
again'éssumedghéreiﬁﬁfér-purpbses_qf o
however, those’ skilled in the art will

understand that other 1m§1¢mentations and standards
can employ the adaptive engodingscdncepts'of this

invention.
subsystems,

System 300 includes two encoder
designated E1 330 and E2 360. 1In one

implementation, ‘encoder subsystems El and E2 are
assumed to have identical hardware, but different

software as
to generate

described hereinbelow. El is programmed
the desired statistics, such as inter-

frame/intraframe non-motion, motion, etc. statistics,
which are important to the encoding subsystem's (E2)
specific bit rate control algorithm. E2 generates
encoded frames based on the statistics generated by
encoding subsystem El.

Operationally, a sequence-bf vidéo frames 310 is

initially received into a frame store 320, where one
" or more frames are buffered depending upon the
encoding specification (e.g., I, IP, IBP, IBBP

encoding).

frame store

This is accomplished by partitioning
320 into an appropriate number of picture

buffers (determined by group of picture (GOP)

structure).

These partitions are managed by a delay

control logic 350. After sufficient delay, again



encoder. Motion vectors 113 are fornmed as the output of the notion
estimation unit 43. These vectors are used by the notion conpensation Unit
41 to retrieve. macrobl ock data from previous and/or future pictures,
referred to as "reference” data, for output by this unit. One output of the
notion conpensation Unit 41 is negatively summed with the output fromthe
notion estimation unit 43 and goes to the input of the Discrete Cosine
Transforner 21. The output of the discrete cosine transfornmer 21 is
guantized in a quantizer 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 conpression and processing before transnission, such as to a
run | ength encoder; the other output 131 goes through reconstruction of the
encoded macr ofIaETHMeS by implementatipn, fhe, vifeqei ANE 42. In the encoder
shown for pur posBerneition dst passed, td lerxcodesosdbsydten EI3B3Pges t hrough an
nverse quant|gaidped vaaded LAYGERR: B 6hCLEAGOS O {ARS! Qnl 31 tO

return a |l ossy versiqn .,of .the difference nacrg ata 1s sumred
with the out puftges riFodPSATEARLRN SR i AtARIEtiAs hrffen #4908 | ossy
version of thea ofraperdly-framer basps{ heTHe detapecentroll hardware As shown in
Fig. 2, there s8¢ hdiRfes! Yae2ePingl 6f L!x?c%m;{ae&%@:f edéwf?rr@ ygct ures® or
"I" pictures I ch are n&gded an _ér%Ps. tteg_ ol e, an 0 not require
notion vectors ‘??F.eoés"tfé";s gs. TheCe “F_.__S-S"]i"@tﬁ deo trames, £ToM of er ence i mage
for notion estfrane @torghd20,ane welkdsithe derivedsstatristRespi ctures which
ar e formed by S %ﬁfﬁ%ﬂﬁjmoqgEogﬁﬁ&wﬁ@%b%%gﬁﬁrlVf as.a
reterence 1 mgg, éﬁorgﬁléﬂéoﬁéfk” éff&%&é%ﬁghgaésgrs ééiéﬂfﬁ%,' ety

subsystem E2 adaptively encodes the frames as

described further below and outputs the encoded

bitstream 370 in real time, delayed only by

‘sufficient frame time to allow en¢oding subsystem El

to generate the statistics on one or more

characteristics of the received video input 310.

A block diagram of a generalized encoding
subsystem, denoted 400, is depicted in Fig. 6.
System 400 comprises hardware/sdftware for
calculating non-motion statistics 420 on the video
data as it is received in the encoding subsystem, as
well as an encoding engine 410 which consists of
hardware/software to perform the actual video
compression, i.e., motion estimation, motion
compensation, quantization, variable length coding,
etc. Encoding subsystem El 330 (Fig. 5) will employ
both statistics gathering logic 420 and encoding
engine 410, while encoding subsystem E2 360 (Fig. 5)
will only employ encoding engine 410. Thus, during a
first pass of encoding, i.e., via subsystem E1,
motion statistics based on motion vectors are
calculated by encoding engine 410. Encoding



-15- there are "Bidirectional pictures" or "B" pictures which are
formed using notion vectors fromtwo ot her pictures, one past and one
future, and can not serve as a reference image for notion estimation.
Motion vectors are generated from"I" and "P" pictures, and are used to
form"P' and "B" pictures. One net hod by which notion estimation is
carried out, shown in Fig. 3, is by a sgarch froma macrobl ock 211 of an
i[err] picture throughout a region of the next picture to find the best
mat ch macrobl ock 213. Translating the macroblocks in this way yields a -
pattern of macrobl ocks for the i+lth_picture, as showm in Fig. 4. In this
way the i[err] picture is changed a small anount, e.g., by notion vectors

and differ encesu‘ﬂa%&%tehoﬂge?.'ﬁé@t&uéﬂi&sl | @Mddé@! Bliuberedaising encoded are
the notion vector$ an Iffere ta,..and nat tq«io|+l[err] pi cture

itsel f. Mtiorf \?@EP&PSPPFﬁnE{"é?‘ég oeé’lct"d&ﬁg ol "4 magé frompicture to

picture, while difference data carries changes in chrom nance, .l um nance,

and saturation, thQ{eailstiﬁE gﬁai;{b;ﬁ,h&(ilhn&s%ﬂaiﬂeldUﬂEﬁéi@éﬂ.ays
Returning to

Fi t Ve omthe sane
| ocation in t tfég i @ryrs]te& 3Pu?‘é°3§g? I’f’égﬁ ﬁ#) in%%'tibﬂg\ js"Eear ch window is
created in theiemdnqtlnaltadeinwhsewliﬁra‘ Gﬂ‘alapb%sqf FabdB Wt iR

this example, one B picture is assumed between two

anchor pictures (IBPBPBP...) and non-motion
statistics are being collected. Only one frame of
video data is buffered before the statistical .
calculation, and the delay between input and output
of the'ffames is a maximum of four frame times in the

exanmple.
Table 1
Input Bufferl | Buffer2 | Buffer3 | Bufferd | BufferS | Encoder#l | Encoder#2
n n - - - - - -

n+l n n+l - - - n
n+2 n n+l n+2 - - n+l
n+3 n n+l n+2 n+3 - n+2 n (I
n+4 n n+l n+2 n+l n+4 n+3 nt2 (P)
nt5 n+5 n+l n+2 n+3 n+4 n+d n+l  (B)
nt6 - n+5 n+6 n+2 n+3 n+4 n+5 n+4  (P)
n+7 n+5 n+6 n+7 3 " nt+4 n+6 n+3 {B)
n+8 n+S n+6 n+7 n+8 n+éd n+7 nt6 (P}
n+9 n+5 n+6 n+7 n+8 n+g n+8 nt5 __ (B)

Other implementations will be apparent to those
skilled in the art employing the principles of the
present invention. For example, video data could be
input into a frame store in parallel with inputting
it into the first encoding subsystem El1 if the video
data has no B pictures and the statistics are
intraframe.



thi's search wi ndow. Once found, the best match notion vectors for the
macr obl ock are coded. The codi ng of the best match nmacrobl ock includes a
notion 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.
Al so encoded is difference data, also referred to as the "prediction

-16- error", which is the differenqg in chrom nance and | um nance
bet ween the current nmacrobl ock and the 8§t mat ch reference macrobl ock.
The operational functions of an MPEG 2 encoder are discussed in detail in.

commonl y assigned, co- pending United States Patent Application Serial No.
08/ 831, 157, by Carr et al., filed April 1, 1997, entitled "Control Schene
For Shared-Use Dual -Port Predicted Error Array," which is _hereby

i ncor por at ed her ei Bxpyples b itt@tiftics satrikated in encodingi oq
initially, eneaBefspenfpl nameenextd/descpibedre quality may be enhanced in
accordance with the principles of this invention through real-tine adaptive

vi deo encodi ng. The vi deo_encodey, is cgpstructe tq_bﬁ adaptive to the
vi deo dat a receive&s noted, encoding subsystem El calculates

statistics from the image data. Based upon these
statistics, the subsystem can also carry out pre-
processing steps, such as identifying scene change or
fade detection. The particular statistics calculated .
by subsystem El depend on the given implementation of-
a rate control algorithm within subsystem E2. In -
MPEG-2 encoding, there is a wide range of picture.
statistics that can be used to determine the
quantization for a frame or within a frame. The
statistics discussed hereinbelow are provided by way
of example only and other E2 video compression
algorithms may employ different picture gquantities.

Frame statistics can generally be divided into
two groups, i.e., intraframe and interframe
statistics. Intraframe statistics are calculated
using only pixel data within a frame, while
interframe statistics are obtained using several
consecutive images from an image sequence (generally
two consecutive images). Intraframe and interframe:
statistics can be further divided into global and
local quantities. Global quantities describe
characteristics of entire image frames, and local
statistical values are calculated for each '
subdivision of a frame, e.g., for each macroblock of
a frame. The statistics presented herein can be
calculated from luminance data, however, additional

statistics can be derived from chrominance data as
well.



as a sequence of frames. In accordance with one enbodi ment of this
invention, two encoding subsystems are enployed. A significant advantage of
using two encoding subsystens is the ability to analyze the video sequence
prior to its real-tinme encoding. Analysis of the video sequence conpri ses
cal culating one or nore statistics which can be derived fromthe video

dat a. The statistical measures gan describe different
characteristics of an inage frame, for gxanple busyness of a frame, notion
bet ween i nage franmes, scene change or fading, etc. Using the calculated .
statistics, adaptive encoding of the video sequence is then carried out by
controlling one or nore encodi ng paraneters of the real-tine encoding
process. For exanple, bit aIIocatlon quantization

-17- par knhizairame gigasd etc., can be changed fromframe to
frame or nﬁcﬂﬂhhﬁﬂkqhanmntﬂébkock wi thin a given frane according to derived

pravisties: o A Rkbbbl el CpdrreiGRAS (R9D) %64 a Ofrauee -part i cul ar
AID is the average of absolute differences
between two consecutive pixels in the image
lines of a frame. The higher the AID, the
higher the details in a frame. This quantity is
c&lculated by hardware ‘in the pixel interface as

pixels for the frame pass through.

* Average Activity (AVACT) of a frame -
AVACT is estimated as the average of the
macroblock variances in a frame. A macroblock
variance can be estimated as statistical
averages from the pixel values of a macroblock.
The average activity gives information about the
busyness of a picture.

Local quantities:

During the calculation of the above global
quantities, local measures can also be obtained.
Thus, for each subdivision, e.g. macroblock (MB), the
MB-AID and MB-AVACT statistics can be stored and then
used by subsystem E2 for local adaptive encoding of a
frame.

Interframe statistics: _
These statistics describe the relationship
between consecutive frames of an image sequence, e.g.
occurrence of motion, scene change, fading, or

identifying noise in a macroblock.



One enbodi nent of an encodi ng system generally denoted 300, in accordance
with the principles of this invention is depicted in Fig. 5. The MPEG
Standard is again assunmed herein for purposes of explanation; however,
those skilled in the art will understand that other inplenentations and
standards can enpl oy the adaptive encoding concepts of this invention.
System 300 includes two encoder subsystens, designated El 330 and E2 360.
In one inplenmentation, encoder subsystéis El and E2 are assunmed to have

i dentical hardware, but different software as described hereinbel ow. El is
programmed to generate the desired statistics, such as inter-
frame/intrafrane non-notion, notion, etc. statistics, which are inportant
to the encodi glosab Y3 sE2) specific bit rate control algorithm E2
gener at es encgdgg franme baseg 2& t he stat] tigs ggnerated by encodi ng
subsyst em El . Verag%ikﬁ%mﬁ F&fEeyenge o ﬁb n®& Bf EAMRo franes 310 is
initially recei vecRElhtis &hier aversger ef 3algsolnter dibherencesiore franmes are

buf f g_red) degﬁ_ndi Neetader lh;;qle q&ﬁgﬁhaetspﬂfélf ivﬁiﬁé?@f(ﬁt&icuﬂreéﬂztg’ a FP, | BBP
encodi ng) . is is acconplis artitionin ane, store into an
appropri ate nunber? ‘ftlﬁrggtqﬂ‘{;%g'ﬁu#'g?i ?‘Edett%gr ﬁgﬂgdi‘ﬁa PBuddf picture
(GOP) structure).thapravieons ifremes are nanaged by a delay control |ogic
350. After sufficient delay, again _ - 18-

* Variance of the DFD (Displaced Frame Difference) -
To obtain DFD at a pixel, motion vectors have to-
be calculated for each macroblock using two .
consecutive frames. -DFD is the difference
between a pixel value at the current frame ahd
the corresponding (displaced by an estimated
motion vector) pixel value ih the previous or-
future frame. Variance can be estimated as
statistical average of DFDs, which are
calculated for each pixel of the entire frame.

Local quantities:

* Variance of DFD for macroblock.
Same as the global quantity, but the variance is
estimated for a macroblock.

* Variance of motion vectors (difference between
neighboring motion vectors)

Scene change detection:

Consider two consecutive frames. The abové:
statistics (global and local) are available for each
frame. There are different possibilities to detect
scene changes; for example:



determ ned by inplenentation, the video frane information is passed to
encoder subsystem El 330, which derives the information on inmage statistics
and stores this information in a statistics buffer 340 on a franme-by-frane
basis. The delay control hardware 350 nanages buffering of incom ng video
data and of inmage statistics, and feeds the video frames fromfrane store
320, as well as the derived statistics&{ron1statistics buffering 340, to
encodi ng subsystem E2 360 in encode or ofer . Usi ng these statistics,
subsystem E2 adaptively encodes the frames as described further bel ow and
outputs the encoded bitstream 370 in real time, delayed only by sufficient
frame tine to all ow encodi ng subsystem El to generate the statistics on one

or nore characteristics of t r ived. video inpyt,.310 A bl ock
di agram of a Qénerﬁfi&@QVQQ%&BSFW§&§E6§§§It§§h§ﬁ§§8#g& 205™®%s depicted in
Fig. 6. System 400frameri Sesldngsiwer sheorewgaenenr Threahatdhglfion- motion

statistics 420 on-ageefmgkga(ggﬁbﬁxmghtangyreceived in the encoding
subsystem as well as an encodi ng engi ne 410 whi ch consi sts. of

har dwar e/ software to performthe actual video conpression, i.e., notion
estimation, nbdi onI€ohphEREE) D Grd)PEhreshrld) ithene IF8REt h coding, etc.
Encodi ng subsyst enpEioRgd €& the Mewliscenelpl Thirdedidldzt dki stics gat hering

| ogi ¢ 420 and encodi engi ne 0 il ncodi ng subsystem E2 360 (Fig. 5)°
wil'l only enploy eﬁgggfﬂggﬁﬁd?é&?gfﬂ%atfgﬁgj during a first pass of ° '
encoding, i.e., via subsystemEl, notion statistics based on notion vectors,
are cal cul at e¢g)by eofpdhagiengofeacchditibnsod) rand b) . :

d) If ((AFD)>threshold3), then frame i belongs to
the new scene. Threshold3 is determined
experimentally.

e) Scene change detection - interframe statistics.
If (DFD variance>threshold4) and if ((AID(i)-
AID(i-1))>threshold2), then frame i belongs to
the new scene. Thresholds are determined
experimentally. Threshold4 has to be chosen
carefully, because only one motion vector is
available for a macroblock (MB) and it is not
necessarily the true motion vector for each
pixel in the MB.

If a scene change is detected, this will be
communicated to system E2. Subsystem E2 may react by
disregarding any information from the previous
picture which belongs to the previous scenes. 'E2 can
also rearrange the encoding modes of the pictures:
e.g., the first picture that belongs to the new scene
may be coded as an I picture.



-19- subsystem E2 then out puts an encoded bitstream using a second
pass through encodi ng engi ne 410. Real tinme operation, and

.associ ated franme del ays of a systemin accordance with this invention, is
denonstrated in the MPEG 2 exanple of Table 1. In this exanple, one B
picture is assunmed between two anchor pictures (I1BPBPBP...) and non-notion
statistics are being collected. Only ogﬁ frame of video data is buffered
before the statistical calculation, t he del ay between input and out put
of the franes is anamnumoffourfrmm times in the exanpl e.

Table 1 | nput Bufferl Buffer2 Buf fer3 Buf fer4 Buf fer5

Encoder #1 Encoder #2 n n - - -

- - - n+l n n+l - -

_ n Fade detection: n+2 n n+1 n+2 L

- n+1 - n+3 n n+1 n+2 n+3 -
n+2 n A(f&de is ﬁh@%gally 8 slow dbéhe chaﬁ§8 whereﬂy*32 3
n+4 n+ n+
n+4 n _Iihe frames nq_llange }q:ﬁ)aduallyﬁ _I_gn contﬁ‘_'a_\gt to % _I%rue n+2

n+3 n+&cene cutwiiere the change iS(agrupt. A+fade hagstwo n+6

n+7 n+3directioﬂ§4 1) the firEt scene dikbBdlvingBinto th&+8 n+5

n+6 N*7 ¢add?Band 2 d%ade crygtaliizin t8"€he s %_ n+9 . .
n+5 n+6 ﬁ#? h EP g qrﬁg Fard (B) . .

scene.

The presence of a fade and its direction may be
determined by a percentage of interpixel sums delta _
with respect to a previous frame, i.e., if the value
of the sum of the pixels of frame N+l differs by an
experimentally determined percentage from frame:N,
then a fade is occurring. 1Its direction is
determined by the sign of the magnitude, i.e., being
greater or less than zero. If a fade is'detected,
this is communicated to E2.

As noted above, encoder subsystem E2 can have
the same encoding engine architecture as encoder
subsystem El, however, the statistics gathering
hardware/soféware would not be employed by subsystem
E2. Adaptive encoding of a frame sequence is carried
out by the rate control algorithm of the encoding
engine, i.e., using the above-generated statistics.
This is a 2-step process.

At first, bit allocation is defined for each
picture depending on the bit rate, encoding mode and
the relative characteristics of the frames to each
other. Then, a corresponding quantization parameter
(QUANT) is defined. In an MPEG-2 compatible
bitstream, the QUANT value can change from macroblock



O her inplenmentations will be apparent to those skilled in the art

enpl oying the principles of the present invention. For exanple, video data
could be input into a frame store in parallel with inputting it into the
first encoding subsystemEl if the video data has no B pictures and the

statistics are intrafrane. - 20-
Exanpl es of statistics calculated in engoding subsystem E1 are next
descri bed. As noted, encodi ng subsystem E1 cal cul ates statistics

fromthe i mage data. Based upon these statistics, the subsystem can al so -
carry out pre- processing steps, such as identifying scene change or fade
detection. The particular statistics catculated by subsystem_El depend on

th ' i npl t at f LLh E2.
[n MREG 2 oncdil MECERAREY ePofhi TAREEY Ml Qb RISy P be

used to deter nfdldena fxamer zaH‘d‘i‘F‘?Qﬁda&cFr"éﬂﬂFé‘ Shig; RYELA9Rafe. The
statistics di seussedlobadi QURNDWalee isodefinkd\forapach picture

using the global quantities described above. The
QUANT value for a particular macroblock is then
obtained by modulating the global QUANT value based
on the local statistics of the macroblock,

By detecting scene, change within encoding
subsystem E1l, and with a prior knowledge ofﬁpicture
statistics, after detection of a. scene change._h,_..,ﬁ;
information from previous pictures which belongs to -
the previous scene can be discarded. Foriexample, a
new group of pictures (COP) can be started with the
new scene. The global QUANT values can be calculated
for the frames of the new GOP using predefined
initial rate control parameters instead of using
parameters from the old scene.

If a fade is detected by subsystem E1, then
subsystem E2 may react by using the proper reference
frames for motion estimation/compensation, and/or
change the encoding mode of frames. An example of
this may be forcing an I picture, or coding all
macroblocks in a P or B picture as intra-macroblocks.

Locally adaptive quantization is also possible.
The aim in this approach would be to distribute
allocated bits among the macroblocks based on scene
content. One possible approach would be to employ
AVACT of the current picture to be encoded. The MB-
AVACT for each macroblock are also stored in the
statistics buffering. A QUANT value of an MB is
obtained by modulating the global QUANT value by the



of exanple only and other E2 video conpression algorithnms may enpl oy
different picture quantities. Franme statistics can generally be
divided into two groups, i.e., intraframe and interframe statistics.
Intrafranme statistics are calculated using only pixel data within a frane,
while interframe statistics are obtained using several consecutive inages
froman i mge sequence (generally two nsecutive images). Intrafranme and
interfrane statistics can be further diVided into global and | ocal
guantities. dobal quantities describe characteristics of entire inmage
frames, and |ocal statistical values are calcul ated for each subdivision of
a franme, e.g., for each macroblock of a frame. The statistics presented
herein can be cal cul ated from | um nance data, however, additional
statistics caratdodofi the AVASHE candhheaMBoAVART: afofcprample, if

-D 2 f11: l nE rA Iaéﬂeamac&balbakl sctiWpals amghtwitles:es’beMetag‘Ehé nt er pi xel
erence a I I sol ute
di fferences CH&E w@bﬁaﬁgot%%%s%ﬁﬁTq% ﬁ&gegayaiehlap

|xe -
a frame. The magneblogk wibl Pﬁeincreased Gith respect %o ”ﬁge lines of

global QUANT, and vice versa.

Pursuant to the adaptive encoding system of this
invention, the local statiétics_gan.also be-employed_
to identify noisy macroblocks within a picture. 1If a
macroblock has a high DFD: value’and its activity is -
also high, the macroblock ' can be: declared noisy. A
noisy macroblock can then be encoded by a high QUANT
value, which results in bit savings. These extra
bits can be used for encoding noiseless macroblocks
within the frame. Consequently, the overall quality
of the picture will be improved.

One example of a manner in which the éncoding
system of this invention performs the function of
locally adaptive quantization may be the following.
To determine the quantization value for each
macroblock, the encoding subsystem would receive the
MB-AVACT and DFD from the statistics store 340 (Fig.
5) for that macroblock. Subsystem E2 would then use
these values in determining the most efficient QUANT
value for the macroblock.

Further aspects of an encoding system/method in
accordance with the principles of the present
invention are next described below with references to
Figs. 7-9. In this enhanced embodiment, the
invention comprises real-time encoding of video data
using two encoders and a controlling processor. As
shown in Fig. 7, a first encoder, El 510 receives



hi gher the details in a frame. This quantity is cal cul ated by hardware

tn the pixel interface as pi xel s for the frame pass through. *
Average Activity (AVACT) of a frane - AVACT is estimted as the
average of the macr obl ock variances in a frane. A nacrobl ock
variance can be estimated as statistical averages fromthe pixel

val ues of a nmacrobl ock. The aver age activity gives information about
t he busyness of a picture. Local”'quantities: During the

cal cul ation of the above global quantities, |ocal nmeasures can also be
obtai ned. Thus, for each subdivision, e.g. macroblock (MB), the MB-Al D and
MB- AVACT statistics can be stored and then used by subsystem E2 for™ | ocal

adaptive encodi ng of a frane. Interfrane statjisfjcs. These
statistics ded®PPbevifeo réath i%ﬁing IRREIATER ﬁgﬁéje%ﬁcfsve frames of an

i mage sequence&hege@romoforr fanerddngnbei dwondrohbing PRASCTHAN ng, or
I dentifying nqics§ 6302 "MGEQPAHH¢cularly, encoding subsystem E1 -22-
receives the uncompressed video data-and derives’
statistics describing the current picture and its
relation to other pictures in the sequence of video
data.

The controlling proqessor 520 then uses
statistical techniques (dgscribed;below);to analyze
the generated statistics to develop one or more .
encoding parameters for use by encoding subsystem E2
540. Encoding subsystem E2 uses the enhanced
‘encoding parameter(s) to produce a high quality,
highly compressed video stream 541 in real time.
"Encoding subsystem E2 also receives & delayed 530
version of the inpﬁt video data 501 which is
synchronized to the enhanced encoding parameter(s)
received from controlling processor 520 so that
subsystem E2 encodes each frame using its associated
enhanced encoding parameter(s) from the controlling
processor.

The statistics produced by encoding subsystem El
can be based on information provided with the picture
(intra-frame) or information collected based on - -~- T
differences between multiple pictures (inter-frame)
as discussed above. Examples of intra-frame '
statistics are: (1) picture complexity; (2) bit
count; and (3) signal-to-noise ratio (SNR). Examples
of inter-frame statistics include: (1) motion
vectors; (2) motion detection; (3) repeat fields; (4)
prediction error; and (5) scene changes. Techniques
which can be employed for determining these



G obal quantities: * Average Franme D fference (AFD) of a frane - AFD i s
~the average of absolute differences bet ween the | um nance pi xel val ue
of the current pi cture and the pixel at the sanme location in t he
previ ous frane. * Variance of the DFD (D splaced Frame Difference) -

To obtain DFD at a pixel, notion vectors have to- be cal cul ated for
each macrobl ock using two consecutjye franes. DFD is the difference
between a pixel value at the current frame and t he correspondi ng

(di spl aced by an estinmated notion vector) pixel value in the previous
or future frane. Variance can be estimated as statistical average
of DFDs, which are . calculated for each pixel of the entire frane.

Local quantities: * Variance of DFD for nacrob] ock. Sane as the gl obal
quantity, but Stftigticgnwdlisbe undexstopd by £BPsg Felh AR d&k the « variance
of notion vectarts, (di fference between  nei ghboring notion vectors)

Scene change detection: Consi der two consecuti.ve franes. The above
statistics (global and Iocali}are avail abl e for eacqlfrane..T ere are

di fferent possibil i Theesonsradiing BERFRSIITaFGRIOYF othe Ehfhigtics

from encoding subsystem El to perform a statistical
-analysis routine to generate one or more parameters
to control the encoding process of the second
encoding subsystem E2. Examples of controllable
parameters include: bits per picture; picture type:;
notification of repeat fields; field or frame
encoding; maximum amount 6f motion between frames
(search window); and/or a quantization parameter
(Mgquant) .

Fig. 8 depicts one embodiment of a processing
routine wherein the sequence of video data is
analyzed within encoding subsystem E1 510 to
determine whether a scene change has occurred, and to
provide a measure of picture quality. These
statistics (along with possibly bits used, picture
type and target bit rate) are provided to the
controlling processor (CP) 520 which in this example,
develops therefrom a quantization parameter (Mguant)
that is provided to the second encoding subsystem E2
540. Encoding subsystem E2 receives a delayed
version of the sequence of video-data used by
encoding subsystem El and produces therefrom the
encoded video bitstream. .

Fig. 9 depicts an example of a statistical
technique or processing routine implemented within
controlling processor 520. The main function of the
controlling processor in this example is to determine
a new set of encoder parameters for a new picture



- 23- a) If ((AVACT(i)-AVACT(i-1))>thresholdl), then frame i

bel ongs to the new scene. Thresholdl is determ ned experinentally.

b) If ((AID(i)-AID(i-1))>threshold2) then franme i bel ongs to the new
scene. Threshold2 is det erm ned experinentally. O Conbi nat i on of
conditions a) and b). d) If ((AFD)>threshold3), then franme i belongs to
the new scene. Threshol d3 is determ ned 9 experinental ly. e) Scene
change detection - interfrane statisticé" | f (DFD vari ance>t hreshol d4)
and if ((AID(i)- Al D(i-1))>threshol d2), then frane i belongs to

t he new scene. Threshol ds are determ ned experinmental ly. Threshol d4
has to be chosen careful ly, because only one notion vector is

notion vector
the history of previously encoded pictures within a

given scene. The new set of encoder parameters
allows the second encoding subsystem to produce a
constant quality picture with variable output bit
rate.

avai | abl e for %%Tg&eg:gﬁls%%%igg?§g?9?ni:l%%ieﬁaﬁg)gncoded r‘bei(‘cq_i%r iaLM the tr ge'

The input video data to encoding subsystem E2 is
identical to that to encoding subsystem El, with the
exception of a delay 530. The delay allows,encoding
subsystem E1 to process, for example, two pictures to
initially generate an average value for one or more
characteristics of the pictures. This delay also
allows the controlling processor time to analyze the
statistics from encoding subsystem El and generate a
set of new parameters for the current picture to be
processed within encoding subsystem E2.

The controlling processor preferably collects
statistics on every picture processed within encoding
subsystem El. This collection of statistics 600
includes in one embodiment scene change and picture
quality statistics. Other statistics which might be
considered include bits used, picture type, target
bit rate, average picture Mguant, etc. In the
routine of Fig. 9, the controlling processor first
identifies if a given picture has content similar to
a last picture, or if the current picture belodgs to
a new scene 610. If the current picture does not
belong to the same scene, then encoding parameters
are reset based on picture complexity of the current
picture 620. These reset encoding parameters are
provided to a buffer 660 to await output to and use



| f- a scene change is detected, this will be comrunicated to system E2.
' Subsystem E2 may react by disregarding any information fromthe previous
pi cture which belongs to the previous scenes. E2 can al so rearrange the

encodi ng nodes of the pictures: e.g., the first picture that belongs to the
new scene nmay be coded as an | picture.

- 24- Fade detection: A fade s basically a sl ow scene change,
whereby the frames change gradually, inmcontrast to a true scene cut where
the change is abrupt. A fade has two directions, 1) the first scene

di ssolving into the fade, and 2) the fade crystallizing into the second
scene. The presence of a.fade and its direction nmay be determ ned by
a percentage of interpixel suns delta with respect to a EreV|ous frame,
i.e., if the byl theosecond wpaasting, SupExerem o‘ir4°r PEnEeREFIBfEf ers by an
experiment al | ywpdeker m ned percentage fromframe N, then a fade is

gcpurrlng. Its direction is determ ned by the sign of the nagnitude, i.e
ei ng

If the current picture's conteht is similar to
that of the previous picture, i.e., there is no scene
change, then the encoding parameters can be based on
information from the previous pictures of the same
type in the scene. For example, the routine of Fig.
9 employs "picture quality" to define one or more
parameters. The picture Quality indicates whether
excessive bits were used by the first encoding
subsystem El1 to encode the current picture. (The
encoding parameters used by subsystem El could be
thosé used by subsystem E2 to encode the previous
frame or they might comprise a reference set of
parameters). '

A picture quality threshold is predefined and
can be derived experimentally by one skilled in the
art. For example, the threshold can be defined based
on a desired bit rate and picture content. A method
of measuring picture quality could be determining a
signal-to-noise ratio. A typical reasonable signal-
to-noise ratio is in the range of 30 to 40 db. In
one embodiment, "picture quality" may be determined
by comparing an encoded and decoded version of the
frame to the original version of the frame input to
the first encoding subsystem El. The controlling
processor initially determines whether the current
picture quality (i.e., output quality from El)
exceeds the predefined threshold 630. If the
threshold is exceeded, the amount of bits spent on
the current picture can be conserved for more complex
pictures in the sequence of video data.



greater or less than zero. If a fade is detected, this is comunicated to
B2, As not ed above, encoder subsystem E2 can have the sane encodi ng
‘engi ne architecture as encoder subsystem El, however, the statistics

gat heri ng hardware/ software woul d not be enpl oyed by subsystem E2. Adaptive
encoding of a frame sequence is carried out by the rate control algorithm
of the encoding engine, i.e., using th% above-generated statistics. This is
a 2-step process. At first, bit aIIocatlon is defined for each

pi cture depending on the bit rate, encodi ng node and the relative
characteristics of the frames to each other. Then, a correspondi ng

quanti zation paranmeter (QUANT) is defined. In an MPEG 2 conpatible
bitstream the QUANT val ue can change from macrobl ock

- 25- t o nacr oblBxchay e§weKgnpPbeal the SORSTPIEIRARAICLEECEN i nside a
frame. |n accegXiadwss \enidh ackumulavestpinture StasistlahsuchUART val ue is

defined for eagh gl Wfaidl, "dvbbEof! ghalstgyaBhit aperalpogiiivhed above. The
v i it e
QUANT val ue for Féﬁtl%?ﬁ nacro%?g ﬁ@u en QEtalnq: q; nodul ating the
gl obal QUANT \aferk tures of ven scene. ese statistics

on a newly El encoded picture of a current scene are

compared with average scene statistics to determine

how the coding parameters of the current picture

should be refined. The controlling processor thus

learns from the scene's history and adjusts the

controlling parameters of the current picture for use -

by the second encoding subsystem E2.

The amount of adjustment is related in this
-example to the most recent Mquant (herein "previous
Mqg") and the average Mquant (herein "Av Mg") of the
same picture types. When the quality is higher than
target quality threshold, the Mquant must be
increased to lower bit consumption. The opposite
applies when the quality is lower than target quality
threshold. The amount of increase or decrease is the
difference between the updated average Mquant and the
previous average Mquant. This increment provides a
convergence towards the target quality threshold.

Thus, when the picture quality exceeds the
predefined threshold, the current Mquant to be
employed by.the second encoding subsystem (i.e.,
"next Mq") is defined as the most recent Mquanc
(previous Mg) plus the difference of a new average
Mquant minus the previous average Mquant. The new
average Mquant comprises an average Mquant averaged
over the history of the pictures of the same picture
types in the current scene up to and including the
current picture to be encoded by the second encoding



on the local statistics of the macrobl ock. By detecting scene change
W thin encoding subsystemEl, and with a prior know edge of picture
statistics, after detection of a scene change information from previous

pi ctures which belongs to the previous scene can be discarded. For exanpl e,
a new group of pictures (GOP) can be started with the new scene. The

gl obal QUANT val ues can be cal cul ated [g%_the frames of the new GOP using
predefined initial rate control paranetéfrs instead of using paraneters from
the ol d scene. If a fade is detected by subsystem El, then subsystem
E2 may react by using the proper reference franmes for notion

estimation/ conpensation, and/or change the encoding node of franes. An
exanple of this pay be forC|n%‘an | picture, or coding all macroblocks in a

P or B pict ur eSHESYREPR: nebt ORISR average Mguapty i thft i ve quanti zation
I s al so possi begerdage Mquwanin avers theppdetiwresodindtbe scemk xif ithet e al | ocat ed

bits anong thesgﬁgr ?E&ﬂ‘é Cbﬁ%zs%%nﬁh&%&@ht %I&%Si By, appr oach
woul d be to e icture to

A T MVB-
AVACT f or each %J/F ’Re%ﬁ% %?&r@gag TR qvied §Fa‘fﬁ‘§?‘?cfg‘ésjs°ghfif erel ng. A
QUANT val ue of thn theto@alﬂad finomtiiel flrgty entedjhgbsubsPsaem val ue by

the is less than the predefined threshold. Only in this
case, the difference quantity is subtracted from the
previous Mquant 650 in order to lower the Mquant to
be'used by the second encoding subsystem and thereby
increase picture quality. As shown in Fig. 9, the
next or current Mguant is buffered 660 for use by the
second encoding subsystem E2. ' -

When a current picture is the start of a new
scene, the old history is not applicable. Therefore,
a new set of control parameters must be ascertained i
based on the current picture complexity. This new
set of control parameters is then applied to the
first encoding subsystem El to generate statistics
which are collected and refined based on output
quality. Control parameters for the second picture
of the scene within the encoding subsystem El are
therefore adjusted upward or downward according to
the output of the first picture in the scene. The
output statistics of pictures 1 and 2 are weight
averaged to form the starting history for the new
scene, and the control parameters of picture 1 are
derived as described above for the second encoding
subsystem E2.

The Mquant of each picture type following a
scene change is based on the Mquant of the I picture
following the scene change. . For example, the initial
Mquant for a P picture can be defined as 1.2 _ Mquant



- 26- rati o of the AVACT and the MB-AVACT. For exanple, if the
.macrobl ock activity is high with respect to the picture AVACT, then the
QUANT of this particular macroblock will be increased with respect to the
gl obal QUANT, and vice versa. Pursuant to the adaptive encodi ng
system of this invention, the |ocal statistics can al so be enployed to

I dentify noisy nacroblocks wthin a p|c5 I f a macrobl ock has a high
DFD value and its activity is also high; the macr obl ock can be decl ared

noi sy. A noi sy macrobl ock can then be encoded by a hi gh QUANT val ue, which
resuLts in bit savings. These extra bits can be used for encodi ng noi sel ess
macr obl ocks within the frane Cbnsequently t he overaII quality of the

picture will be_inproved exanpl e of manner q?mg%ch t he
encodi ng syst eff bf aR¢h; the pinddiiiadn MSé‘Pf‘Br thé P&ﬁ&’t‘?ﬁn"?ﬂ Scal ly adaptive

guanti zati on n¥guéett (k) f oldrme rthe Vgudst evalives pey pleture typsn val ue for

each macrobl OCKavéhse&ttcmimlst%wstcﬁ@ mét;de%eii&aah’aeva\ﬁze%VACT and DFD
fromthe statistics st cro | ock bsystentEZ

woul d then useBFfebRs I‘Uéséﬁt W@%'&gﬁt) ﬂi‘"n@“t i?é: %’i‘fén QUANT val ue
for the nmacrobtbeksame piCtu#Quﬁﬁnﬁ’a@Qpéb@sﬂQﬂPLﬁxiéwceﬁih@esysteninethod in

accordance w tBu%@n@fﬂgi@tﬂ@S of ﬂii&oﬂsresﬁmquamt\éembl es1p&seaext described,
bel ow with referenc s

i nvention conpPPEeB*f 'é‘é?etfr‘fée e‘?&%gt Sihﬁd,&rm%ncedcgggo&gegnet _t he

occurs, where the Mquants are re-initialized.

As noted, a synchronously delayed version of the
video encoding sequence (input data) is prov;ded'to-'
the second encoding subsystem E2 where the actual
encoding is performed. The delay can vary from as
little as one frame to as many frames as the-system
can store in memory. For applications where
statistical analysis across a large number of frames
is desired, bufféring of many video frames may become
impractical. However, by using two video sources-and
delaying the start of the source feeding the second
encoding subsystem E2, a greater frame delay can be
realized without the addition of a large amount of
memory. With these techniques, real-time data can be
encoded by appropriate adjustment of delayed input
data and the statistics. 1In a final step, the second
enceding subsystem E2 accepts the encoding parameters

from the controlling processor and applies them to
the current picture to produce a high quality,_low
bit rate MPEG-2 variable bit rate (VBRj compressed
video stream. Although the above invention is
described for a VBR application, those skilled in the
art will realize that the techniques described can be
extended to improve the quality of constant bit rate
{CBR) encoding. This can be done by tuning the



using two encoders and a controlling processor. As shown in Fig. 7, a
~first encoder, El 510 receives -27-
"input video data 501 and generates statistics therefromfor forwarding to a
controlling processor (CP) 520. More particularly, encodi ng subsystemE

recei ves the unconpressed video data and derives statistics describing the
current picture and its relation to othgr pictures in the sequence of video
dat a. The controlling processor 520 then uses statistical techniques

(descri bed below) to analyze the generated statistics to devel op one or
nore encodi ng paraneters for use by encodi ng subsystem E2 540. _Encodi ng
subsystem E2 uses the enhanced encoding paraneter(s) to produce a high
quality, highly conpressed video stream 541 in real tine. Encoding
subsystem E2 aftatislldaleanalysiayend sorogdngi paraftetars ER5UEERI deo data
501 which is sypshieddzat.t o the enhanced encodi ng paraneter(s) received
fromcontrolling processor 520 so that subsystem E2 encodes each frame
using its associ ated enhanced encodi ng paraneter(s) fron1the controlling
processor. Those skilled in thé art will note from t

above discussion that encoding in accordance with the
principles of the present invention results in

improved picture quality compared with non-édaptive

encoder systems, especially at low bit rates. This

is because employing adaptive bit allocation among ‘- e
- frames, as well asHWithinﬁframes?%is more:critical in 7 - 7 o
low bit rate encoding compared with higher bit rate
encoding. Further, the encoding technique of this
invention can insure a semi-constant picture quality

of ‘a encoded/decoded video sequence in constant bit

rate (CBR) mode or a constant picture quality in
variable bit rate (VBR) encoding méde.

In addition, 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
capabilities of the present invention. The articles
manufactured can be included as part of the computer
system or sold separately. N

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
performed in differing order, or steps may be added,
deleted or modified. All these variations are



The statistics produced by encodi ng subsystem El can be based on
“information provided with the picture (intra-frane) or information
col |l ected based on differences between nultiple pictures (inter-franme) as
di scussed above. Exanples of intra-franme statistics are: (1) picture
conplexity; (2) bit <count; and (3) signal-to-noise ratio (SNR). Exanples
of inter-frame statistics include: (1) potion vectors; (2) notion
detection; (3) repeat fields; (4) prediction error; and (5) scene changes.
Techni ques which can be enployed for determ ning these
- 28- statistics wll be understood by those skilled in the art.
The controlling processor enploys the statist.ics fromencodi ng subsystem El
to performa statistical analysis routine to generate ope or nore
parameters to €OREidered e RAMNGIFePEEERE Fhe RECSRRE PR hg.
subsystem E2. Exappéecedfix alie @ppendedpetaimst.ers i ncl ude: bits per
picture; picture type; notification of repeat fields; field or frame
encodi ng; maxi mum anount of nption between frangs .
J While the invention hasrLeenIH%scribed in detail

herein in accordance with certain preferred

embodiments thereof, many modifidations and changes

therein may be affected by those'skilled in the art.

Accordingly, it is intended by the appended claims to

cover all such modifications andzghanges;as fall

within the true spirit and-scopéﬂbfitheiihvention.



(search w ndow); and/or a quantization paraneter (Mjuant). Fig. 8
"depi cts one enbodi nent of a processing routine wherein the sequence of
'video data is analyzed within encodi ng subsystem El 510 to determ ne

whet her a scene change has occurred, and to provide a neasure of picture
quality. These statistics (along with possibly bits used, picture type and

target bit rate) are provided to the cgﬂ}rolling processor (CP) 520 which

in this exanple, develops therefroma qUantizati on paraneter (Mjuant) that

is provided to the second encodi ng subsystem E2 540. Encodi ng subsystem E2
recei ves a del ayed version of the sequence of video data used by encoding
subsystem E1 and produces therefromthe encoded video bitstream )
Fig. 9 depicts an exanple of a statistical technique or processing routine
i npl emented within controlling prodek®#s 520. The main function of the
controlling processor in this exanple is to determne a new set of encoder

parameters for a new pi £t il& 64 for egggding a sequence of video . ~29-

based on statisticS of the Jast enco picture "an

frames comprising:

(a) employing a first encoding subsystem
to analyze the - sequence of video frames and .
derive information on:at least one
characteristic, thereof, said at least one
_characterisﬁidfcompriéing at least one of scene
change;‘pictureiquaiity, bits used, target bit
rate, and picture type; o : o

(b) automatically processing said at least
one characteristic to producé a value for at
least one controllable parameter used in
encoding the sequence of video frames; and

(¢) encoding the sequence of video frames
employing a second encoding subsystem and using
‘said value of said at least one controllable
parameter to produce a bitstream of encoded
video data.

2. The method of claim 1, further comprising

implementing said employing (a), automatically
processing (b), and encoding (c) in real time.

AR



the history of previously encoded pictures within a given scene. The new
set of encoder paraneters allows the second encodi ng subsystemto produce a
constant quality picture with variable output bit rate. The i nput
video data to encodi ng subsystemE2 is identical to that to encoding
subsystem E1, with the exception of a delay 530. The del ay all ows encodi ng
subsystem E1 to process, for exanple, 32 pictures to initially generate an
average value for one or nore characterrStics of the pictures. This delay
also allows the controlling processor tinme to analyze the statistics from.
encodi ng subsystem E1 and generate_a set of new paraneters for the current
picture to be processed within encoding subsystehlEZ - The
controlling proces r fera C £S 0 y picture
processed within e odlr?'gl ghégeg%é$£§ﬁ%lé 0 %%ec |5ﬁd§ q{statlstlcs 600

i ncl udes in onlae@ﬂibmmmhar@@&msiéhhﬁg@mésﬁﬁcﬂﬁf@ fhangey afdat j st cs.

Qt her stati Stl@&i&*ﬁﬁbxﬁﬁ'&hlﬁ? peoseserrd (bpctompriddss used, picture type,

target bit ratg, . avera llg)t(é yg}@néa tfﬁamlanféfs'es I"ﬂ‘as chlg 9, the

control ling pr% essor given picture nt ent
sinmlar to a |ard ypen lﬂﬁé‘-e%-riwlf of hEceng r@ﬁpgﬁlﬁ%iﬁ%g%%s to a new scene
610. If the CUiﬂﬂé&m&anrﬁodp@s:ewaubefmst of ttige SesuaRN®f t hen

encodi ng para %&égréx[ﬁ*erse g%%ﬁ?ﬂiﬂ 's%tlarsaf&gpfé‘f(cfta}éff the current

pi cture 620. T a% ara ters are provi 0 a _buffer 660
to await Outpule@@tapnplggptroll le parameter used 1n encoding the

sequence of video frames.

4, The method of claim 3, wherein said at
least one characteristic further comprises picture
quality, and wherein said automatically processing
(b) comprises for each frame automatically comparing
picture quality to a predefined threshold if scene

i change is undetected for said frame.

5. The method of claim 4, wherein said
automatically processing (b) further comprises
setting said value for said at least one controllable
parameter such that a number of bits for encoding (c¢)
each frame is increased if said picture quality is
less than said predefined threshold and is decreased
if said picture quality is greater than said
predefined threshold.
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- 30- by the second encodi ng subsystem 540 as descri bed above.

1f the current picture's content is simlar to that of the previous
picture, i.e., there is no scene change, then the encodi ng paraneters can
be based on information fromthe previous pictures of the sane type in the
scene. For exanple, the routine of Fig. 9 enploys "picture quality” to
define one or nore paraneters. The pict#%e qual ity indi cates whether
excessive bits were used by the first entodi ng subsystem EL1 to encode the
current picture. (The encodi ng paraneters used by subsystem E1 coul d be

t hose used by subsystem E2 to encode the previous franme or they m ght
conprise a reference set of paraneters). A picture quality threshold

is predefined and can be derived experinentaléélgy_one séilled in the art.
For exanpl e, the thPeshotke @EENRS @ CABYM Ry dSER1E §8L7r3Y bit rate and

pi cture contenlleadtnehéoconiroitiahile pgrpneter eappxiisey goul d be deternining
a signal -to- nogﬁtgg'izg%hgtote‘lélé/ﬂn@eﬁ,eﬁiﬁn@béfeﬁi 2! eabfi- PPhRE {AtiO is in

deter m nod by E34aPLAERER BHEGHSH L SAECHIR R PERIBFLERY {1 e to the
ori gi nal versi ahrethbhd, f saitd quanttizakivhepdramgteandsddefinedsgstem E1. The
controlling 'pr%cfaﬁgﬁohgi%ﬁﬁéi/zéﬁt&f aRgfetdieidieta PREoEUELERE SECIUrE
quali ‘ty (i.e. t%lét g&ugggelég t;:{c?erg Efltfmes less a difference
' ' ' between a new average quantization parameter and a
prior average quantization parameter, wherein said
new average quantization parameter comprises an”
average quantization parameter for all frames of a
current scene including the current frame and said
previous average quantization parameter comprises an
average quantization parameter for 2ll frames of the
current scene prior to the current frame, and wherein
if said picture quality is greater than said
threshold, said quantization parameter is defined as -
- the previous quantization parameter of the prior
frame plus the difference between the new average
QUantization parameter and the previous average
gquantization parameter. ‘

7. The method of claim 5, further comprising
buffering said value for said at least one
controllable parameter and providing said encoding
{c) with the sequence of video frames in synchronous
delay to said buffering to insure concurrent presence
of a current frame and its corresponding value.for
said at least one controllable parameter at said
second encoding subsystem.
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exceeds the predefined threshold 630. If the threshold is exceeded, the
‘anmount of bits spent on the current picture can be conserved for nore
conpl ex pictures in the sequence of video data.

- 31- By way of exanple, the controlling processor collects and
accunul ates picture statistics such as average Mjuant, average quality, and
average bits used by pictures of a givqgg§cene. These statistics on a newWy
El encoded picture of a current scene are conpared with average scene
statistics to determ ne how the codi ng paraneters of the current picture
shoul d be refined. The controlling processor thus |learns fromthe scene's
hi story and adjusts the controlling paraneters of the current _picture for -

use by the second e@codl §#Q§%%tgg1g¥al “he%lﬁﬁfggﬁgn of adjustnent is

related in this exa nost rece uan erein revious MJ")
and the aver ag8uhema c%h’éf awce&#iw;bbwwsi%%%%ﬁ@ ald¥es. Wien the
qual ity is higbetethbpmingrgeid padhet for hseishakdleddte dfiguant nust be

i dt I i th it
Increased to argepiiaﬁf o2 FEQ% 23ehe efm{;éeo%w e quality

is |ower than anpunt |ncrease or decrease
is the sequence of v deo frames using statistics on a prior

encoded frame and a history of all prior encoded
frames of the same picture type in a current scene
containing the current frame to be encoded.

9. The method of claim 1, wherein said
employing (a) comprises dériving information on the
sequence of video frames from at least one of
Juminance data and chrominance data of the sequence
of video frames. '

10. The method of claim 1, further comprising
delaying the sequence of video frames input to said
encoding (c¢) and controlling timing of said employing
(a), automatically processing (b) and encoding (c) so
that for each frame of the sequence of video frames
said employing (a) and automatically processing (b)
precede said encoding (c) to insure presence of its
corresponding value of said at least one controllable

parameter at said second encoding subsystem employed
in said encoding (c).

11. The method of claim 1, wherein said at
least one controllable parameter employed by said
encoding (c) comprises at least one of a quantization
parameter, a bit allocation, or an encoding mode.

* C L M S *



di fference between the updated average Mjuant and the previous average
“Myuant. This increnment provides a convergence towards the target quality

t hreshol d. Thus, when the picture quality exceeds the predefined
threshol d, the current Mgjuant to be enpl oyed by the second encodi ng _
subsystem (i.e., "next My") is defined as the nost recent Mjuant (previous

My) plus the difference of a new averagg Mjuant mnus the previous average
Mjuant. The new average Mjuant conprises an average Mjuant averaged over
the history of the pictures of the sane picture types in the current scene
up to and including the current picture to be encoded by the second

encodi ng - - 32- subsystem The

previ ous average Mjuant aygera n ver the pictures in the
scene of the sane p#%tu#%%?%%%mb%?%rgﬁgygﬁg %ugﬁg% n%ﬁc u?@gﬁﬁﬁe_sane
di fference quaff#m$s oMREHSHPEE as the offset if the output quality from

the first encoding subsystemis |ess than the predefined threshold. Only in

this case, the differencg %h iet")é°h§'e‘éﬁ‘{5@§§8@h“ omds eort%\éi ous Mjuant

650 in order to |ower the uant to e second encodi ng

subsyst em and t her eb§T4eRTRe &fe ViHePUfEARRR IENEy deEive hRFPImRtEoR O, the
next or current Muemtat sldasftf @ned chffadteristécbyhéheof, said at

least one characteristic comprising at least one
of scene change, picture quality, bits used,
target bit rate, ‘and picture type;

a control proceésor coupled to said first
encoding subsystem for automatically processing
in real time said information on said at least
one characteristic to produce a value for at
least one controllable parameter used in
encoding the sequence of video frames; and i

a second encoding subsystem coupled to said
control processor to receive said value of said
at least one controllable parameter, wherein
said second encoding subsystem encodes the
sequence of video frames using said value of
said at least one controllable parameter to
produce a bitstream of encoded video data.

13. The system of claim 12, wherein-said
bitstream of encoded video data produced by said
second encoding subsystem comprises a variable'bit
rate bitstream or a constant bit rate bitstream.

14. The system of claim 12, wherein said first

encoding subsystem, said control processor and said

second encoding subsystem each operate in real time.
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second encodi ng subsystem E2. When a current picture is the start of
a new scene, the old history is not applicable. Therefore, a new set of
control paraneters nust be ascertained based on the current picture
conplexity. This new set of control paranmeters is then applied to the first
encodi ng subsystem E1 to generate statistics which are collected and
refined based on output quality. CbntrQ%Lparaneters for the second picture
of the scene within the encodi ng subsystem E1 are therefore adjusted upward
or downward according to the output of the first picture in the scene. The
output statistics of pictures 1 and 2 are wei ght averaged to formthe
starting history for the new scene, and the control paraneters of picture 1

The Mauant of each J-ct B8 FYRESRoP! G A2e R LIRS Stbased on ¢ he
Myuant of the legsitctomeecheirhotpnistic canprdsedaperne qghangexangdl e, t he
initial MuantgdQf cdnRrdiCprbeesddr heormifisegdmasnd . £or Mjuant
"33 (D) and S0e ddlhtl Ahol#E8Rind Slct? £BaRbCoH " Ené WbdiBrte

of video frames for scene change, and upon detection

of scene change disregarding information from one or

more previous frames of the sequence of video frames

in determining said value for said at least oné

controllable parameter.

16. The system of claim 15, wherein said at
least one characteristic further comprises picture
quality, -and wherein said control processor comprises
means for automatically comparing picture quality of
each frame to a predefined threshold if scene change
is undetected at said frame.

17. The system of claim 16, wherein said
control processor further comprises means for
automatically setting said value for said at least
one controllable parameter such that a number of bits
used by said second encoding subsystem in encoding
said frame is increased if said picture quality is
less than said predefined threshold and is decreased
if said picture quality is greater than said
predefined threshold.
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Myuant (1). Once the Mjuant val ues per picture type have been initialized,
.the subsequent Mjuant val ues are based on the average of the previous
Mjuant of the sanme picture type and the conplexity of the current picture.
A history of Mjuants is collected per picture type and is refined until a
scene change occurs, where the Mjuants are re-initialized. As not ed,
a synchronously del ayed version of the_ji_deo encodi ng sequence (input data)
is provided to the second encodi ng subsystem E2 where the actual encoding
is perfornmed. The delay can vary fromas little as one frane to as many
frames as the systemcan store in nmenory. For applications where
statistical analysis across a |large nunber of frames is desired, buffering
of many video franmgs. neyhdasaiten G ethiaalz, H(h\ée-\éeh, shydust ng two vi deo

sour ces-and dglaying éhg?ggfgf%ﬁqlé:@gr§ﬂg£ g&gaggstge second encodi ng

subsystem E2, "a grea F eal W thout the addition of
a | arge ampunduentigabign MEWQ%eaPSC ERids foregpchi fEamitLE can be

encoded by appaq@r pattund) qedTety ief 1éebayiedh isyid pietiefanedt he statistics.
ot oct T ek 81850000 SAGRAIAI0 s BSHE U268 haahe' e 00T 19

parameters fromtl AtTOlTing émto the current
pi cture to pré@fdaiaghsahd @eantization BP%am?ﬁQ¥ RPES Pro¥iedl e bit rate
(VBR) conpresmnwidaeishrpafamé&émwh phtoxr hframe wfebheon i s described -

for a VBR applé %‘n&@ og‘fhgfﬁ’ c)?(fﬁl:édfe% 'l'ésfs h§ @{ffe‘ﬁfﬁlncer BF&:{végnt at the

t echni ques desc rove
rate (CBR) end®¥ Ayersgpsaeant hration Hﬁf@%ﬁ-ﬁ‘hg"%é‘ prior

average quantization parameter, wherein said new - S
average quantization parameter comprises an average jewﬂ
quantization parameter for all frames of a current ’
scene including the current frame, and said previous
average quantization parameter comprises an average:
quantization parameter for all frames of the current
scene prior to the current frame, and wherein if said
picture quality is greater than said threshold, said
control processor comprises means for defining said
quantization parameter as the previous quantization
parameter of the prior frame plus the difference
between the new average quantization parameter and
the prior average quantization parameter.

19. The system of claim 17, further comprising
means for buffering said value for said at least one
controllable parameter and means for providing said
sequence of video frames to said second encoding
subsystem in synchronous delay with said buffering to
insure concurrent presence of a current frame and its
corresponding value for said at least one
controllable parameter at said second encoding
subsystem.
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- 34- statistical analysis and encodi ng paraneters for CBR

. applications. Those skilled in the art wll note fromthe above

di scussion that encoding in accordance with the principles of the present
invention results in inproved picture quality conpared with non-adaptive
encoder systens, especially at low bit rates. This is because enpl oying
adaptive bit allocation anong frames, ag_well as within franes, is nore
critical inlow bit rate encoding conpared with higher bit rate encodi ng.
Further, the encoding technique of this invention can insure a

sem -constant picture quality of a encoded/ decoded vi deo sequence in
constant bit rate (CBR) npde or a constant picture quality in variable bit
rate (VBR) encodi mp.1odhe system ofi abilin i1@n, wherzeimesaditt | nventi on can be

i ncl uded, for.Sxampl 6rd s%'araE:BhﬁJ:fseé HRREl 26kUARtéfatloaldRe O nore
conput er program products ut er usable nedia. The

anc
nedi a has enbdef¥mindikiagid BPlgﬁs%ﬁﬁc%a dtc E?E? Wdabl e program code
means for prouodtn@ﬂ.mhie‘ Fairamesern§or he Qﬂ@;‘p‘&mtl ﬁrm of thee present

i nventi on. éﬁ&éeéf AR Erins eafhgb%ﬂambudes & PPticyf the
conput er syste or sol

separate | ow_di agrams depi ct ed
herein are pr8UFered TRARG: RISk aei‘iﬁﬁ?’éy %é‘ll §z°’6e g/arclﬂha ions to these

frames of a same picture type in a current scene .
containing the current frame to be enspdsd,_maqawu;gjg

21. The system of claim 12, wherein satdat, .
least one controllable.parameter : ‘employed by said . ...
second encoding subsystem comprises at least one of a
quantization parameter, a bit allocation( ‘or an .

encoding mode.
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di agranms or the steps or operations described herein w thout departing
.fromthe spirit of the invention. For instance, in certain cases the steps
may be perfornmed in differing order, or steps may be added, deleted or

nodi fied. All these variations are - 35-
considered to conprise part of the present invention as recited in the
appended cl ai ns. Wil e the invenyion has been described in detai

herein in accordance with certain preferred enbodi nents thereof, many

nodi fications and changes therein may be affected by those skilled in the-
art. Accordingly, it is intended by the appended clains to cover all such
nodi fi cati ons and changes as fall within the true spirit and scope of the
i nventi on. 22. A computer program product comprising a

computer usable medium having computer readable
program code means therein for use in encoding a
sequence of video frames, said computer readable-
program code means in said computer program product
comprising:

computer readable program code means for
causing a compute: to affect analyzing of the
sequence of videélframes,to derive information
on at least one characteristic thereof, said at
least one characteristic comprisiné at least one
of scene change;'picture quality, bits used,
target bit rate, and picture type;

.computer readable program code means for
causing a computer to affect automatically
processing of the at least one characteristic to
produce a value for at least one controllable

parameter used in encoding the sequence of video
frames; and

computer readable program code means for
causing a computer to affect encoding the
sequence of video frames using said value of
said at least one controllable parameter to
produce a bitstream of encoded video data.

Ay



- 36- Cl ai ns 1. A nethod for encoding a

.sequence of video franmes conprising: (a) enploying a first
encodi ng subsystem to anal yze the sequence of video frames and

derive information on at |east one characteristic thereof, said at

| east one characteristic conprising at | east one of scene change,
picture quality, bits used, target bit ,-_ rate, and picture type;

(b) automatically processing said at |east one characteristic to
produce a val ue for at | east one controll abl e paraneter used in
encodi ng the sequence of video franes; and (c) encoding the
sequence of video framnes enpl oyi ng a second encodi ng subsystem and -

i id ' ter t
usi ng sal d vahye OfndaSudled:*3¥adaBie (PRl Hee meangPBEaMEler 1O

produce a bitstream of enc The net hod of

claim 1, furtKeaiBogdyivhereinialiat 1688k one MarActsTasFiCaut omati cal |y

processi ng (bromprilsescsdeng ¢kangen arghlsatidmeomputer readable
program code means for causing a computer to affect
automatically processing comprises computer readable
program code means for causing a computer to affect
automatically monitorihg:gach frame for scene change,
and upon detection of'scéhéﬁbhénge disregarding
information from previous frames of the sequence of
video frames in determining said.value for said at
least one controllablé:pafémetét;' '

24. The computer readab1e prog;am_éode means of
claim 23, wherein said at least one'characteristic
further comprises picture quality, and wherein said
computer readable'program code means for causing a
computer to affect automatically prbcessing comprises
computer readable program code means for causing a
computer to affect automatically comparing picture
quality of each frame to a predefined threshold if
scene change is undetected for said frame.

25. The computer readable program code means of
claim 24, wherein said computer readable program code
means for causing a computer to affect automatically
processing further comprises computer readable
program code means for causing a computer to affect

- setting said value for said at least one controilable
parameter such that a number of bits used in encoding
said frame is increased if said picture quality is
less than said predefined threshold and is decreased
if said picture quality is greater than said
predefined threshold.

* C L M S *



- 37- 3. The met hod of claim 1, wherein said at |east one
.Ccharacteristic conprises scene change and said automatically processing (b)
conprises automatically evaluating each frane for scene change, and upon
detection of scene change disregarding information from previous franes of
‘the sequence of video franes in determning said value for said at |east
one control |l abl e parameter used in encoging the sequence of video franes.
4. The nethod of claim 3, wherein said at |east one characteristic further
conprises picture quality, and wherein said automatically processing (b)
conprises for each franme automatically conparing picture quality to a
predefined threshold if scene change is undetected for said frane.

?. tEhe met hod of cﬂ% Mrhe W@gbﬁtarsﬂdgddmteogﬁbtgﬁfhldzdy ARAHS ?g I(Ib)bl
urt her conprlgﬁﬁgf sai vgig 0 o 83 c %éf lfgqi eontrollable
S

paramet er such or _enco frame is
i ncreased if s%ﬁ@“;ﬁtﬁml@ﬂmélsﬁﬁyal quantizatign Ea-l’-'%fnﬁﬁ%eﬁnﬁed t hreshol d
and i s decr easgferddirs ot RiachuFafeal ft yaids pjeearerqudbitysdisd predefi ned

threshol d. less than said predefined threshold, said
quantization parameter is defined by said computer
readable program code means for causing a computer to
affect automatically proééssing as a previous
quantization parametér of a prior frame of the
seqﬁence,of video frames less a differenge between a
neW-average quantization parameter and a prior
average quantization parameter, wherein said new
averége'quantization parameter comprises an average
quantization parameter for all frames of a current
scene including the current frame and said previous
average quantization parameter comprises an average
quantization parameter for all frames of the current
scene prior to the current frame, and wherein if said
picture quality is greater than said threshold, said
quantization parameter is defined as the previous
quantization parameter of the prior frame plus the
difference between the new average gquantization
parameter and the previous average quantization
parameter.

N O o



- 38- 6. The nethod of claimb5, wherein said at |east
.control |l abl e paraneter conprises a quantization paraneter, and
each frane if said picture quality is less than said predefined threshold,
said quantization paranmeter is defined as a previous quantization paraneter
of a prior frame of the sequence of video franmes |less a difference between
a new average quantization paraneter and a prior average quanti zation
paramet er, wherein said new average qu#ti zation paraneter conprises an
average quantization paraneter for all frames of a current scene including
the current franme and said previ ous average quanti zati on paraneter

conpri ses an average quanti zation paraneter for -all

franmes of t

one
wherein for

he current

scene prior to theGurrefb EompRred¥badadliel prodramicdbdel akang qpality i's

%heis def

i ned as the

greater than said threshol sai d tization r

previ ous quant§A4 %'ngﬁgB?’érc?)‘f‘g#ﬁs 1 ?é?‘gﬁgpn'e pl Us the difference
bet ween the newogremagedgurranaafenrp dngeFatthvalve fPEvFBES aver age
quanti zati on Pgy ABI one contrdlladhe parehedesfaml giravidihgr t her

conprising buffering said valu [ | t A0 :

paranmeter and % i'g?“ﬁ’é’t?é"i Eegﬁg%g?ré %ﬁwckﬁéts'h% sequen%ég%?ﬁ

i N synchronousa deinputier $oi dffectecengriing whthrthe FRINGNSE: Ofr esence
video frames in synchronous delay to said”buffering

to insure concurrent availability of a current frame

and its corresponding value for said at least one

controllable parameter.

28. The computer readable program code means of

gle

Vi deo -frames

claim 22, wherein said computer readable program code

means for causing a computer to affect automatically

processing comprises computer readable program code

means for causing a computer to affect automatically

determining said value for said at least one

controllable parameter for a current frame of the

sequence of video frames using statistics on a prior

encoded frame and a history of all prior encoded

frames of a same picture type in a current scene

containing the current frame to be encoded.

29. The computer readable program code means of

claim 22, wherein said at least one ‘controllable

parameter comprises at least one of bit allocation, a

quantization parameter, or an encoding mode.

(O



.of a current frane and its correspondi ng value for said at |east one
controll abl e paraneter at said second encodi ng subsystem

- 39- - 8. The nethod of claim1, wherein said automatically
processing (b) conprises automatically determ ning said value for said at

| east one controll able paraneter for a cugrent frame of the sequence of
video frames using statistics on a prior encoded frame and a history of al
prior encoded franmes of the same picture type in a current scene containing

t h_edcur r Ienuz_EAIaAmMmmm:@DmgedF VIDEO SE@UENJE‘EMPE,@?%\I@‘CTW@EW%) Eﬁ%ei n
Frames Trom af | ehst one of | ONSTATISHCALANALYSH nance data of the
sequence OABSIRALTranes. 10. The nethod of claim1, further
and cont 1ol || notciltl, kpe Rl RaRPuRy pibdtan o0 e R iiihed RSB BRECT g by
and encodi FRyodIe ighardyeares gnftveaze ior prcgmbingtion therens quseansace bf vidde frafeanes
sai d enpl opablimed) A Fiksk cHEbORR suBHsleth 10F Aindyz8OtHeRequence of video frames (501)
to derive information on at least one characteristic thereof, such as motion statistics,
non-motion statistics, scene change statistics, or scene fade statistics. The gathered
information may be either an intraframe characteristic or an interframe characteristic. A
control processor (520) is coupled to the first encoding subsystem (510) to automatically
analyze the gathered information in real time and dynamically produce a set of control
parameters. A second encoding subsystem (540), coupled to the control processor (520)
then encodes each frame of the sequence of video frames (501) employing the
corresponding set of control parameters.
Fig 7
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pr-écede said encodihg (c) to insure presence of its correspondi ng val ue of

~4ai d at

enpl oyed in said encoding (c).

sai d at

conprises at

encodi ng node.
system for encodi ng a sequence of video franes conpri sing:
first encodi ng subsystemto analyze the
derive information

| east one characteristic conprising at
picture quality,

a contro

| east

bi t

on at

S used,

11. The nethod of claim 1, wherein

processor coupled to said first
automatically processing

in real

1/9sequence of video franes and
| east one characteristic thereof,
| east one
target bit

rate,

- 40-

a bit allocation,

| east one controll abl e paraneter enployed by said encoding (c)
| east one of a quantization paraneter,

or
12. A
a

sai d at

of scene change,
and picture type;
encodi ng subsystem for

one characterist?c to produce a value for at
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| east one control |l abl e paraneter at said second encodi ng subsystem.
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| east orie controllabl e paraneter used in encodi ng the sequence of

~video franes; and a second encodi ng subsystem coupled to said
control processor to receive said value of said at | east one

control |l abl e paraneter, wherein sai d second encodi ng subsyst em encodes
t he, sequence of video frames using said val ue of said at | east
one control |l able paraneter to produce a bitstream of encoded vi deo

dat a. 13. The system of claim 12, wherein said bitstream of encoded
vi deo data produced by said second encod2 A§ subsystem conprises a variabl e
bit rate bitstreamor a constant bit rate bitstream 14. The system
of claim 12, wherein said first encodi ng subsystem said control processor
and said second encodi ng subsystem each operate in real tine.
-41- 15. The system of claim 12, wherein said at

| east one
characteristic conprises scene change and said control processor conprises
means for : -0 " '
aa >-%
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automatically-nonitoring each frame of the sequence of video frames for
.scene- change, and upon detection of scene change di sregardi ng i nformation
fromone or nore previous frames of the sequence of video franes in
determning said value for said at | east one controllable paraneter.

16. The system of claim 15, wherein said at | east one characteristic
further conprises picture quality, and wherein said control processor
conpri ses. neans for automatically conparing picture quality of each frame
to a predefined threshold if scene change’9s undetected at said frame.

17. Thé system of claim 16, wherein said control processor further
conprises neans for automatically setting said value for said at |east one
control |l abl e paraneter such that a nunber of bits used by said second
.encodi ng subsystemin encoding said frame is increased if said picture
quality is less than said predefined threshold and is decreased if said
picture quality is greater than said predefined threshol d.

-42- 18. The system of claim 17, wherein said at
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| east one controll abl e paraneter conprises a quantization paraneter, and _
wherein for each frame if said picture quality is less than said predefined .
t hreshol d, said control processor conprises neans for defining said
guantization paraneter as a previous quantization paraneter of a prior
frame of the sequence of video franmes |less a difference between a new
average quantization paraneter and a prior average quantization paraneter
wherei n said new average quanti zation par peter conprises an average
quantlzatlon paranmeter for all franes of*2%current scene i ncl udi ng the
current frame, and said previous average quantization paraneter conprises
an average quantization paraneter for all frames of the current scene prior
to the current frame, and wherein if said picture quality is greater than
said threshol d, said control processor conprises neans for defining said
guanti zati on paraneter as the previous quantization paraneter of the prior
frame.plus the difference between the new average quanti zati on paraneter
and the prior average quantization paraneter. 1 The system of
claim 17, further conprising neans for buffering said value for- said at

| east one controll ahl e paraneter and neans for providingjsaid sequence of
video franmes to said second encodi ng subsystenlln symghr gnous delay with

said buffering to ingere—cogcorremt—presgree—of acguigen]| frane and its
correspondi ng val ue flor sai ¢ at | epst ong controlzqghe paraneter at said
second encodi ng subsy{st &hn - - -2248
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- 43- . 20. The systemof claim 12, wherein said control processor
.conprises neans for automatically determ ning said value for said:-at | east
one control |l abl e paraneter for a current frame of the sequence of video
frames using statistics on a prior encoded frame and a history of all prior
encoded frames of a same picture type in a current scene containing the
current -frane to be encoded. 21. The systemof claim 12, wherein
said at | east one controll abl e paraneter enpl oyed by said second encodi ng
subsystem conpri ses at | east one of a quafigi zation paraneter, a bit

al I ocati on, or an. encodi ng node. -44-
22. A conputer program product conprising a conputer usable nedi um having
conmput er readabl e program code neans therein for use in encoding a sequence
of video franes, said conputer readable programcode neans in said conputer
program product
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conpri si ng: conput er readabl e program code means for

causing a conputer to affect analyzing of the - sequence of video franes.
to derive information on at |east one characteristic thereof, said at
| east one characteristic conprising at |east one of scene change,
picture quality, bits used, - target bit rate, and picture type;
conput er readabl e program code neans for causing a conputer to affect
automatical ly processing of the at |east one characteristic to
produce a value for at |east one control §akl e paranmeter used in
encodi ng the sequence of video frames; and conput er

r eadabl e program code neans for causing a conputer to affect encoding
t he sequence of video franes using said value of - said at | east
one control |l abl e paraneter to produce a bitstream of encoded video
dat a. - 45- 23. The conputer
readabl e program code neans of -
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claim 22, wherein said at |east one characteristic conprises scene change
~and sai d conmputer readabl e program code neans for causing a computer to

af fect automatically processing conprises conputer readabl e program code
means for causing a conputer to affect automatically nonitoring each frane
for scene change, and upon detection of scene change di sregarding
information from previous frames of the sequence of video franes in

determ ning said value for said at |east one controllabl e paraneter

24. The conputer readabl e program code mggns of claim 23, wherein said at

| east one characteristic further conprises picture quality, and wherein
sai d conput er readabl e program code nmeans for causing a conputer to affect
automatically processing conprises conputer readable program code neans for
causing a conputer to affect automatically conparing picture quality of
each frame to a predefined threshold if scene change is undetected for said
frame. 25. The conputer readabl e program code neans of claim24,™
wherein said conputer readabl e program code neans for causing a conputer to
affect automatically processing further conprises conputer réadable program
code neans for causing a conputer to affect setting said value for said at

| east one controllable paraneter such that a nunber of bits used in
encoding said frame is increased if said picture quality is less than said
predefined threshold and is decreased if said pictggﬁbquality is greater
than said predefined threshol d. .
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- 46- 26. The conputer readabl e program code nmeans of clai m 25,

- wherein said at | east one controll able paraneter conprises a quantization -
paranmeter, and wherein for each frame if said picture quality is less than
sai d predefined threshold, said quantization paraneter is defined by said
conput er readabl e program code nmeans for causing a conputer to affect
automatically processing as a previous quantization paraneter of a prior
frame of the sequence of video franes | ess a difference between a new
average quantization paraneter and a prigygaverage quantization paraneter,
wherei n said new average quantizati on paraneter conprises an average

quanti zation paraneter for all franmes of a current scene including the
current frame and said previous average quantization parameter conprises an
average quanti zation paraneter for all frames of the current scene prior to
the current frame, and wherein if said picture quality is greater than said
threshol d, said quantization parameter is defined as the previous ”
quanti zation parameter of the prior frame plus the difference between the
new average quantization paranmeter and the previous average guanti zation
par anet er.
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-47- . 27. The conputer readabl e program code neans of claim 25,
further conprising conputer readabl e program code neans for buffering said
value for said at |east one controllable paraneter and providing said
conput er readabl e program code nmeans for causing a conputer to affect
encoding with the sequence of video frames in synchronous delay to said
buffering to insure concurrent availability of a current frame and its
correspondi ng value for said at | east one controll abl e paraneter.

28.- The conputer readable progran1code9%§hns of claim 22, wherein said
conput ér readabl e program code neans for causing a conputer to affect
automatically processing conprises conputer readabl e program code neans for
causing a conputer to affect automatically determ ning said value for said
at | east one controll able parameter for a current frame of the sequence of

vi deo franmes usivIDESI at i n foor encoded frame and a history of all
prior encoded frRDAEA © 1ﬁ$§f§e type'ﬁﬁQTT&W$Qgi scene cont ai ni hg
the current franme to be_encqded. _______29._The_conpuidr _readabl e_program

code neans of ciaim 22, whegein said at |east one control | abl'e.par anet er

conprises at |east CAELRETP ST At Effcd fon. a quanti zation paraneter, of an

encoding node. ¢ L]
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