VIDEO ENCODI NG METHOD, SYSTEM AND COVPUTER PROGRAM  PRODUCT FOR OPTI M ZI NG
CENTRE G- PI CTURE QUALITY Technical Field Thi s
invention relates in general to conpression of digital vi sf&) Si mages, and
nmore particularly, to tenporal conpression, that is redundancy between

pt ctures. Redundancy between pictures is reduced, or even elimnnated, _

t hrough the use of notion vectors. This invention presents an encoder with
adj ust abl e notion estimation paranmeters and bit allocation based on

| ocation of a macroblock within the picture to optimze picture quality.
Background of the Invention Wthin the past decade, the advent of
wor | d-wi de el ectroni ¢ commruni cati ons systens has enhanced the way in which
peopl e can send and receive information. In particular, the capabilities of
real -time video and audi o systenms havé-greatly inproved in recent - years.

In order to pr and V|deo

conf erenci ng tgﬁ:?g‘é %ﬁﬁééﬁazf#% nﬁ?%w Mﬁo BRAM wi dth is
required. In facPROPEGTVFOR ORTIULILRG | GENFER: OFt RECTURE QUATI IV or in t he
ef fectiveness of such systens.

Technical Field

This invention relates in géneral to compression
of digital visual images, and more particularly, to.
temporal compression, that is redundancy between
pictures. Redundancy between pictures is reduced, or
even eliminated, through the use of motion vectors.
This invention presents an encoder with adjustable
motion estimation parameters and bit allocation based
on location of a macroblock within the picture to
optimize plcture quallty.

Background of the Invention

Within the past decade, the advent of world-wide
electronic communications systems has enhanced the
way in which people can send and receive information.
In particular, the capabilities of real-time wvideo
and audio systems have greatly improved in recent -

- years. In order to provide services such as video-
on-demand and video conferencing to subscribers an
enormous amount of network bandwidth is required. 1In
fact, network bandwidth is often the main inhibitor
in the effectiveness of such systems.

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



In order to overcone the constraints inposed by networks, conpression
.systenms have energed. These systens reduce the anount of video and audio
data wht ch nmust be transmitted by renoving redundancy in the picture
sequence. At the receiving end, the

«2- picture sequence i s unconpressed and may be di splayed in real-tine.
One exanple of an energing video conpression standard is the Myving Picture
Experts Group ("MPEG') standard. Wthin the MPEG standard, video
conpression is defined both within a picture and between pictures. Video
conpression wthin a picture is aeconplished by conversion of the digital

i mage fromthe tinme domain to the frequency domain by a discrete cosine
transform quantization, variable |ength coding, and Huffnman codi ng. Video
conpr essi on betmeen pictures is accofplished via.a process referred to as

notion estinmgy rans atlgﬁéﬁ?ealgqhi pHeebea HhdSn ﬁéz%%e? ?f§§$éa.is used to

descri be the a set o plcture ele om one
picture to aﬁUIHEF" ime.  The | SO MPE® standard specifies only the syntax

One example of an emerging video compression
standard is the Moving Picture Experte Group ("MPEG")
standard. Within the MPEG standard, video
compression is defined both within a picture and
between pictures. Video cowpression within a picture
is accomplished by conversion of the digital iwmage
from the time domain to the frequency domain by a
discrete cosine transform, gquantization, variable
length coding, and Huffman coding. Video compression
between pictures is accomplished via a process
referred to as motion estimation, 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 MPEG2 standard specifies only the syntax
of bitstream and semantics of the decoding process.
The choice of coding parameters and tradeoffs in
performance versus complexity is left to the encoder
developers.

One aspect of the MPEG2' compliant encoding
process is the computational intensive nature of the
operation. With a picture size of 720x480 pixels at
30 picture frames per second, a picture must be
processed in 33.3 milliseconds. A 16x16 pixel
macroblock (with 1350 macroblocks per picture) must,
on average, be processed in less than 24.7 )
microseconds. A large portion of macroblock
processing time is spent in the motion estimation
process where the goal is to detect temporal



of bitstream and semantics of the decoding process. The choice of coding
Jpataneters and tradeoffs-in perfornmance versus conplexity is left to the
encoder™ devel opers: One aspect of the MPEG conpliant encoding
process is the conputational intensive nature of the operation. Wth a
picture size of 720x480 pixels at 30 picture frames per paHIS\SHERT QAS REER
must be processed in 33.3 nmilliseconds. A 16x16 pi xel natrobl ®kEpLAgEDh 135
macr obl ocks per picture) nust, on average, be processed I n eSS tTmam 24—
m croseconds. A large portion of nmacrobl ock processing tine is spent in the
notion estimation process where the goal is to detect tenporal

-3- redundancy and to use it to efficiently conpress the picture.
Processing of a macroblock in |l ess than 25 mcroseconds is thus a linmting
factor-on picture quality. Anot3rer aspect of the MPER conpli ant

encodi ng process.is.the specified bjt rate_for t encoded vigdeo stream A
bit rate i s deFFRRARICY,aANd 5o, veR Hn J-o eggégae% ¥ {REPESRE k’g?e and type
of picture bei pcewondeRrovesgibgrobfa macropdeckiin treps fhagskfned. For
exanpl e, at 6, f98r858cdidss REEhBBCAMimiting factor on picture

quality. :

Another aspect of the MPEG2 compliant encoding
process is the specified bit rate for the encoded -
video stream. 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. For exawple, 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 the bits are allocated uniformly. With a
720x480 picture having 1350 macroblocks, this
translates to 148 bits allocated per macroblock. As
with the above-described motion estimation process
constraint, the number of bits allocated per
macroblock has an impact on picture quality.

In view of these constraints, the present
invention seeks to enhance picture quality compared
with conventional real-time video encoding processes.

Summary of the Invention

Briefly described, the invention comprises in
one aspect a method for processing a picture having a
plurality of macroblocks. The method includes:
partitioning the picture into at least two regions;
and setting at least one encoding parameter for each
macroblock of the picture based upon which region of
the at least two regions of the picture the
macroblock is located. As an enhancement, the at
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(6 Mops), and pictures at 30 picture franes per second, each picture would
be al l ocated 200,000 bits assuming the bits are aIIocated uniformy. Wth a
720x480 picture having 1350 nmacrobl ocks, this translates to 148 bits

al |l ocated per nacrobl ock. As with the above-described not i estinmtion
process constraint, the nunber of bits allocated per macrQbTHHSISHERT HAY BEEN
I npact on picture quality. I n view of these constrdints, REHaAQEDesent
i nventi on seeks to enhance picture quality conpared with conventi onal

real -tinme video encodi ng processes. Summary of the

| nventi on Briefly described, the invention conprises in one aspect
a nethod for processing a picture having a plurality of macrobl.ocks. The
met hod includes: partitioning the picture into at | east two regions; and
setting a notion estimation paraneteF4For each nmacrobl ock of -the picture

macr obl ook 15 Fonst Sy xbibiE 8 (il HiokURel S Bhintide"s P! cluTe LhE
-4-  least twoCHHHRDFLIIOY AE bh%nRRQFugﬁnaﬁénﬁFl%QEQF one outer

region. The encoding parameter is set such that

picture quality is enhanced in the center region of

the picture at the expense of picture quality in the

at least one outer region of the picture. Various

encoding parameters are discussed for manipulation in

accordance with this invention. .

In another aspect, the method comprises a
digital video encoder system for processing a picture
having a plurality of macroblocks. The digital video
encoder system comprises means for partitioning the
picture into at least two regions and means for
setting at least one encoding parameter for each
macroblock of the picture. The at least two regions
resulting from partitioning of the picture are
employed by the means for setting to establish the at
least one encoding parameter for each macroblock
based upon which region of the at least two regions
of the picture the macroblock is located. Various
enhancements to the digital video encoder system are
also described and claimed herein.

In a further aspect, the invention comprises a
computer program product having a computer usable
medium with computer readable program code means
therein for use in processing a picture having a
plurality of macroblocks. The computer readable
program code means in the computer program product
includes: computer readable program code means for
causing a computer to affect partitioning of the
picture into at least two regions; and computer

readable program code means for causing a computer to
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center region of the picture and at |east one outer region. The notion
estimation paraneter is set such that picture quality is enhanced in the
center region of the picture at the expense of picture quality in the at
| east one outer region of the picture. Various encodi ng paraneters are
di scussed for manipul ation in accordance with this invention. In
anot her aspect, the nethod conprises a digital video e s

processing a picture having a plurality of macrobl ocks.| The |EgLA@,£DV| d%c
encoder system conprises neans for partitioning the pic ‘
two regions and neans for setting a notion estimation paranmeter for each
macr obl ock of the-picture. The at |east two regions resulting from
partitioning of the picture are enployed by the nmeans for setting to
establish the notion estimation paranter for each macrobl ock based upon

whi ch region of th at Igast%é ﬁgl ons of the picture the macroblock is
| ocat ed. Vari 8&e 8 hERtERS L A& LREsH; 9 £MSA0HBY RAYIIRNeR Q% m are al so
descri bed andeekchi medrobledin.of the pictura Hagedheponswlith .t he i nvention

conprises a CQEBYLAr of' ORE R raréa%%waayégmﬁs %ﬁeua%waﬁta gHEedi um wi th
conput er readab e Ba g{ga{n c:gézleaﬁg{a? herei n for %‘%? processing a

pi cture havi n§& P § obHBEKEC c5FrB © [REREA™ program
code neans i nq0|de meapat for praspiag pr cduputemdoudéSect ongt g r eadabl e

program code gERhe gk ]Eéélétt r&@&%ﬁﬂh&@éﬁﬁ&%@bp@&&é&'&9' ng of the

| rein I i rr rogram code neans
Po?tgaﬁslngoa%%@ﬁsﬁ?t tmo eg OQ@ty in a égﬁ%éé reggggbo g oara

picture at the expense of plcture quality in at least
one outer region of the picture. Various encoding
parameters, such as a motion estimatation parameter
and/or target bits per macroblock can be adjusted to
accomplish this objective.

To restate, pfesented herein is an épproach for
enhancing perceived picture quality based on
controlling selected encoding parameters employed in
a digital video encoder. Pursuant to the approach,
the picture is initially partitioned into multiple
regions, such as a center region and a peripheral
region. An encoding parameter, such as a motion
estimation parameter or target bits per macroblock,
is then adjusted for each macroblock based upon the
location of the macroblock within the multiple
regions of the picture. The invention does not
attempt to define the boundaries of the regions or
the specific encoding parameters to be adjusted.
Such details can be defined based on the source
material, application or other criteria. The motion
estimation and target adjustments are independent;
however, both concepts can be employed.together to
provide a greater ability to selectively optimize
picture quality.
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effect setting of a notion estimation paranmeter for each macrobl ock of the
pi cture bpased upon whi ch region of the at |east two regions of the picture
the macrobtock is |ocated. The conput er readabl e program code neans for
causing a conputer to effect setting of the notion estimating paranmeter is
_preferably coded to enhance picture quality in a center region of the
picture at the expense of picture quality in at |east one outer region of
the picture. Various encodi ng paraneters, such as a notion estinmatation
paranmeter and/or target bits per nmacrobl ock can be adjusted to acconplish
this objective. Enbodi ments of the present invention provide an
approach for enhancing perceived picture quality based on controlling -
sel ected encoding paraneters enployed in a digital video encoder. Pursuant
to the approach, the picture is initiabty partitioned into nultiple

regi ons, such as a center . d. 3 regi on. An encodi ng
paraneter, such as- a not Fof FHEE T =G Pget bits per
macr obl ock, is then adjusted for each nacroblock based upon the | ocation of

the macr obl ock Wi t highe! BBoTHL GRS HeRIbB e, tdiRraRitabEe ghe boundari es
of the regions ééﬁ% be def| d based. o our ce nagirlaTn I |cat|on or

other criteria. FSAESR6: °§ tP’Fﬁﬁ%%q&?{an'fi? et2® tﬁﬁn?%h
i ndependent ; hoviddebe Mh :emmmsm@rﬁmywet ﬁgéldmtngo provi de a

greater ab'|'t)ﬁéﬁhﬁi@dﬂ@hb&ﬁiﬁtf&ﬁ'df ZRrPhth U fiH3kia! ¥mbodiments

of the invention, when con51dered in conjunction with
the accompanying drawings in Which:

Fig. 1 shows a flow diagram of a generalized
MPEG2 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, the picture
output 121, the feedback picture for motion
estimation and compensation 131, and the motion
compensated picture 101. This figure has the
assumptions that the i“-picture exists in Frame
Memory or Frame Store 42, and that the i+1“'pictu§e
.is being encoded with motion estimation.

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

Fig. 3 illustrates the search from the motion
estimation block in the current frame or picture to
the best matching block in a subsequent or preVious
frame or plcture Elements 211 and 211' represent
the same locatlon in both pictures.



- 6- Brief Description of the Draw ngs The above-descri bed
ebj ects, advantages and features of the present invention, as well as
others, witl be nore readily understood fromthe follow ng detail ed
description of certain preferred enbodi mrents of the invention, when
considered in conjunction wth the acconpanyi ng draw ngs in which:

Fig. 1 shows a flow diagram of a generalized MPE& conpliant encoder 11,

i ncluding a discrete cosine transfornmer 21, a quantizer 23, a variable

| ength coder 25, an inverse quantizer 29, an inverse discrete cosine
transfornmer 31, notion conpensation 41, franme nmenory 42, and notion
estimation 43. The data. paths include the i[err] picture input .111,
difference data 112, notion vectors 113, the picture output 121, the

f eedback picture for notion estinati®of and conpensation 131, —and the notion

conpensat ed pi ctur 01. .This. figureha S  ons, t.hat the i[err]
picture exists in @'rg}lrrél ﬁéﬁ’b‘% rggg%‘ra%lﬁ%%&%%rﬁgﬁgﬁ%jboﬁqwatlﬁ he i +l[err]
picture i s beRePRIRNAf Fifht Kheowebion Meakprpofirom their Fig. 2 j|lustrates
the I, P, andpsitidniries a prevmoes picturei todaspéwrypidtind, arad Ssi on

dp pre i ¥p

orders, and f qﬂg ¢ | rsadl ¢k ko . Fig. 3
illustrates tﬁ%xgéafgh rgﬁ%%ﬁggn%ﬁ?%%ggggpﬁg%?%% by qﬁ%ﬁ@ﬁe current
frame or pictUPEIeR Yertas®st matching bl ock in a subsequent or previous

frame or picture. Elenents 211 and 211' represent the sanme |location in both

pictures. Fig. 5 shows a predictably encoded (P) picture

which depicts the maximum number of full-pel motion
estimation searches, including a: current macroblock
frame/past macroblock frame reference search; current
field 1/past reference field 1 search; current field
"1/past reference field 2 search; current field 2/past
- reference field 1 search; and current field 2/past
reference field 2 search.

Fig. 6 shows a modified flow diagram of a
generalized MPEG2 compliant encoder employing an
encoder processor 200 for controlling setup of motion
estimation and target bits per macroblock in
accordance with the present invention.

Fig. 7 shows an example of a picture partitioned
into three regions, each having a unique search area
for motion estimation and/or a unique target bits per
macroblock in accordance with the present invention.

Begt Mode for Carrying Out the Invention

The invention relates to MPEG and HDTV compliant
encoders and encoding processes. 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



-7- Fig. 4 illustrates the novenent of bl ocks in accordance with the
ROt ron vectors fromtheir position in a previous picture to a new picture,
and the previous picture's blocks adjusted after using notion vectors.
Fig. 5 shows a predictably encoded (P) picture which depicts the maxi num
nunber of full-pel notion estimtion searches, including a: current
macr obl ock frame/ past macrobl ock frane reference search; current field

1/ past reference field 1 search; current field 1/ past reference field 2
search; current field 2/past reference field 1 search; and current field
2/ past reference field 2 search, Fig. 6 shows a nodified fl ow

di agram of a generalized MPE&Q conpliant encoder enploying an encoder
processor 200 for controlling setup of notion estimation and target bits
per macrobl ock in accordance with the&resent invention. - Fig 7

shows an exanple of.a pj,cture partjtioned into three,reqions, each having a
uni que search ’ai}%]gu‘ﬁﬁ Gir®eSP? ?i'iﬁ"fmﬁr“rﬂm?t?%nﬁﬁ starget bits per
macr obl ock i n eankikatdon andt aptpepy encodingnt Temporal :

compression includes intensive reconstructive
processing, such as inverse discrete cosine
transformation, inverse quantization, and motion
compensation. Motion estimation and compensation are
the temporal compression functions. Spatial and
temporal compression are repeﬁiﬁive functions with
high computational requirements.

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

The first compression step is the elimination of
spatial redundancy, for example, the elimination of
spatial redundancy in a still picture of an "I" frame
picture. Spatial redundancy is the redundancy witﬁin
a picture. Because of the block based nature of the
motion_compensation process, described below, it was
desirable for the MPEG-2 Draft Standard to use 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 still further levels of
compression.



Best Mbde for Carrying Qut the Invention
MPEG and HDTV conpl i ant encoders and encodi ng processes.

The invention relates to
The encodi ng

functions perforned by-the encoder include data input, spatial conpression,
notion estimation, macrobl ock type generation, data reconstruction, entraopy
codi ng, and data output. Spatial conpression I ncl udes

di screte cosine transformati on (DCT), quantization, and entropy encoding.

Tenporal conpression includes intensive reconstructive processing,

such as

i nverse discrete cosine transformation, inverse quantization, and notion

conpensati on.

Motion estimation and conpensation are the tenporal

conpression functions. Spatial and tenporal conpression are repetitive
functions with high conputational requirenents. More particularly

the invention relates to a processor -Ber perform ng spati al

and t enpor al

conpr essi on includin% di,screte cosine transformation, quantization, entropy

encodi ng, notion e
nore parti cul adthagonalsysaesfdmmationopdrtimgumadpat i al

conpr essi on.

nRLPEFRetefiasine. TrpRpkornation g 8Redi cti on,

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 encodiﬁg and decoding
algorithms are available. Additionally, the sub-band
decomposiﬁion 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 pattern, and converted into
run-amplitude (run-level) pairs. Each pair indicates
the number of zero coefficients and the amplitudezgf
the non-zero coefficient. This is coded in a
Variable Length Code.

Motion compensation is used to reduce or even
eliminate redundancy between pictures. Motion
compensation exploits tewmporal redundancy by dividing
the current picture into blocks, for example,
macroblocks, and then searching in previously
transmitted pictures for a nearby block with similar
content. Only the differénce between the current
block pels and the predicted block pels extracted

and even

and tenpor al



The first conpression step is the elimnation of spatial redundancy, for" )
exanpl e, the elimnation of spatial redundancy in a still picture of an
frame pictdre. Spatial redundancy is the redundancy within a picture.
Because of the block based nature of the notion conpensati on process,
descri bed below, it was desirable for the MPEG 2 Draft Standard to use a

bl ock based nethod of reducing spatial redundancy. The nethod of choice is
the Discrete Cosine Transformation, and Discrete Cosine Transform codi.ng of
the picture. Discrete Cosine Transformcoding is conbined with weighted
scal ar quantization and run length coding to achieve still further levels
of conpression.” . The Di screte Cosine Transformation
is an orthogonal transformation. C}thogonal transfornations, because they
have a frequency domai.n interpretati 5h9-are filter bank oriented. The

Di screte Cosi aned LON i Ss l.ocal That is, the encoding
prgcess sanpl ggr%;% an %ﬁ(e??ﬁg??aﬁl%%g&ov#vﬁf%ésﬁsyscfﬁnfqrcﬁsgﬁfl ?Srcorrpute 64
t ransf or m coef FraNkasion and. fherratter trangmietrd. advant age of the

Di screte Cosine

The simplest method of motion compensation and
prediction is to record the luminance and
chrominance, i.e., intensity and color, of every
pixel in an "I" picture, then record changes of
luminance and chrominance, i.ei{ 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 niove between pictures, that is,
pixel contents move from one location in one picture
to a different locétion in a subsequent picture. A
more advanced idea is to use a previous or subsequent
picture to predict where a block of pixels will be in
a subsequent or previous picture or pictures, for
example, with motion vectors, and to write the result
as "predicted pictures" or "P" pictures. More
particularly, this involves making a best estimate or
prediction of where the pixels or macfoblocks of
pixels of the i*® picture will be in the i-1th or -
i+1™ picture. It is one step further to use both
subsequent and previous pictures to predict where a

block of pixels will be in an intermediate or "BY
picture. '

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



Transformation is that fast encoding and decoding algorithns are avail abl e.
Additionally, the sub-band deconposition of the D screte Cosine
Transformation is sufficiently well behaved to all ow effective use of
psychovi sual criteria. After transformation, many of the frequency
coefficients are zero, especially the coefficients for high spatial
frequenci es. These coefficients are organized into a zig-zag pattern, and
converted into run-anplitude (run-level) pairs. Each pair indicates the
nunber of zero coefficients and the anplitude of the non-zero coefficient.
This is coded in a Variable Length Code. Mot i on conpensation is used
to reduce or even elimnate redundancy between pictures. Motion.
conpensati on exploits tenporal redundancy by dividing the current picture

i nto bl ocks, for exanple, macr obl ocks*7and t hen searching i n—previously

transmtted pié;{dgdgﬁﬁf.oh Bubfdf otiJeQCgl[ﬁ(‘é tﬁﬂtﬂ%&@ilcfﬁtfé‘t- Only the

di fference betme%P the current bl ock pels an predi cted bl ock pels

extract ed use -10- fromthe reference
picture is actually conpressed for transm ssion and thereafter transmtted.

- For purposes of illustration, a generalized
flowchart of MPEG compliant encoding is shown in Fig.
1. In the flowchart the images of the i*® picture and
the i+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
instead of full images is a key aspect of temporal
compression in the MPEG and HDTV standards. As shown
in Fig. 1 the motion vectors, once generated, are
used for the translation of the macroblocks of
pixels, from the i*"picture to the i+1*® picture.

As shown in Fig. 1, in the encoding process, the
images of the i* picture and the i+l1*™™ 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
encoder. Motion vectors 113 are formed as the output
of the Motion Estimation unit 43. These vectors are
used by the Motion Compensation Unit 41 to retrieve
macroblock data from previous and/or future pictures,
referred to as "reference" data, for output by this
unit. One output of the Motion Compensation Unit 41
is negatively summed with the output from the Motion
Estimation unit 43 and goes to the input of the
Discrete Cosine Transformer 21. The output of the

Discrete Cosine Transformer 21 is quantized in a
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The sinplest nmethod of notion conpensation and prediction is to record the -
l'um nance and chrom nance, i.e., intensity and color, of every pixel in an
"1" picture, then record changes of |um nance and chron1nance i.e., :
intensity and color 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
w il be in a subsequent or previous plcture or pictures, for exanple, with
motion vectors, and to wite the result2gs ' predlcted pictures- or "P"

ictures. Mire art uIa his involyv na ti or
Bredi ction of 3?‘8 ﬁ%rpéi‘el eoP“ﬁ‘BEE f%&?s %‘(%’?Sisg‘ ggs‘lg[err]
picture will beintkot twoioufputs, d2li and[3¥] 9m§t9$%§u¢tlzlsg@ﬁé step
Llurt Eerfto Usle b.eta aabﬁ@ewéﬁ éﬂl@ﬁeﬂﬁezs?stﬁ: Fﬁuﬁgéﬁscéxﬁpﬁs%d.bﬁt vvh$reba :

ock of pixels wi| | a 0 be
noted is Itohat t #Bd; Bfﬁ?%s%ﬁ&%cﬁﬁérﬁr E? S prC uréesetraﬁsfﬁugm on order
do not necessar ilepgtht ehcoder pi dther etUesmtégmt-r d3L. gore tingugh For |- P-B
systens the i np!‘ecBhﬁE%@tiéﬁWt‘iﬁa‘ QRO S mackoBlLbERT 6 tpiidea® t he encodi ng

order, and the |fn°[%u tgzlrgtgtlélrfg ame glgmléle:'ynpﬂ ar Ifnytﬁgoéggo&l nr.:[ Islholilw%ed for
~ 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 source of motion vectors. There
are “Predicted pictures" or "P" pictures which “are”
formed by motion vectors from a previous picture and
can serve as a source of motion vectors for further
pictures. Finally, there are "Bidirectional pictures"
or "B" pictures which are formed by motion vectors
from two other pictures, one past and one future, and
can not serve as a source of motion vectors. Motion
vectors are generated from "I" and "P" pictures, and
are used to form "P" and "B" pictures.

One method by which motion estimation is carried
out, shown in Fig. 3, is by a search from a
macroblock 211 of an i* picture throughout an area



.

encodi ng. A buffer stores this input until it is used. For pur poses of
kl lustration, a generalized flowhart of MPEG conpliant encoding is shown
in Fig. 1.7 In the flowhart the inmages of the i[err] picture and the

i+l [err] picture are processed to generate notion vectors. The notion
vectors predict where a macrobl ock of pixels will be in a prior and/or
subsequent picture. The use of the notion vectors instead of full inages is
a key aspect of tenporal conpression in the MPEG and HDTV standards. As
shown in Fig. 1 the notion vectors, once generated, are used for the

transl ation of the macrobl ocks of pixels, fromthe i[err]picture to the

|+l [err] picture. As. shown in Fig. 1, in the encoding process, the
i mges of the i[err]picture and the if&%err] picture are procéessed in the
encoder 11 to generate notion vectors™which are the formin which, for

exanpl e, the | g anid a0d SUBBEAUG S VRESHEE HaRRRdRdcan Lugnomi tted.

An input imge 111 of a subsequent plctur %¥ I mation
unit .43 of the ¥rtoddensisting e grrerebiogke iy this wayvt wéeld®put of the
Mbt i on Esti nat iapattiernd d£ ﬁaemlmlmrathewmdﬁm-%hson

Conpensati on Uy rpev ous and/ or
NHowh! 10 g&‘al € fn QMR Q¥

future pictures, referr to_as eren ek %ata or output by this unit.

One output of tFRANERS G‘nsﬁéﬁ’beﬂ’%lﬂton eygi-¢ BY ‘F%t-"r%bé‘[eic\‘ierﬁ 3 d with the
out put from t hediMifidremdestianal | bo garidrate shd Heae? picture. wpat of the

Discrete. Cos ney ol IARRIUI Bhe tne St 108 RMbe8Es' difa FiFHetlficbOs! N

Transfornmer 21 clis quanti z
ta, and not the 1+1“'plcture jitself. 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 motion
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 mat:chﬁ'~
displaced in the next picture. Also encocded is
difference data, also referred to as the "prediction
error®, which is the difference in chrominance and
luminance between the current macroblock and the best
match reference macroblock.

The operational functions of an MPEG2 encoder
are discussed in detail in commonly assigned, pending
United States Patent Application Serial No. 08/%31(,!57
. by Carr et al., filed April 1, 1997, entitled
"CONTROL SCHEME FOR SHARED-USE DUAL-PORT PREDICTED



-12- Quantizer 23. The output of the Quantizer 23 is split into two
121 and 131; one output 121 goes to a downstream el enent 25 for

outputs,

further ‘conpressi on and processing before transm ssion,
| engt h encoder;

encoded macrobl ock of pixels for storage in Frame Menory 42.

shown for

Fig. 2, t
“I" pictu
noti on ve
notion ve
formed by
of notion

pi ctures,
vect ors.

used to foRAY ke ephpnoed ipncageexdance with

such as to a run
t he other output 131 goes through reconstruction of the

In the encoder.

purposes of illustration, this second output 131 goes through an
i nverse quantization 29 and an -inverse discrete cosine transform31 to
return a | ossy version of the difference macrobl ock. This data is sumed
with the output of the Mdtion Conpensation unit 41 and returns a | ossy
version of the original picture to the Frame Menory 42.

- As shown in

here are three types of pictures. There are "Intra pictures" or
res which are encoded and transmtted whole, and do not require
ctors to be defined. Théés “|" pictures serve as a source of
Céﬁééh Agﬂi&e"are "Predicted pictur% icﬁri;FW pi ctures which "are
not1on vect'ors froma previous picture and can serve as a source
ineexparated bgrefprin| rtsen-iretyal |y, there are "Bidirectional

pi ctures” or "B" pictures which are fornmed by notion vectors fromtwo ot her

: s : f '
ot t or Bt SREL LGP paRR gﬁztiﬁévﬁﬁlp. Tures. and are

REER®AL by which notion

estimati oningestion & itproviig\\the pidthire3qualiby imseiesch from a
macr obl ockglde T o@rd %&El:u@é%l:‘@hé’@%%ﬁ%iﬁﬁ&fe

quality at the perimeter of the picture. A flexible
video encoder is described below in which boundaries
or regions can be defined to establish, for example,
center, intermediate and perimeter regions of the
picture. The encoder can then adjust, for example,
the motion estimation parameters and bit allocation
of the macroblocks in the picture, to optimize

picture quality baséd on.which region the wmacroblock
is in. '

Real-time video encoding is a very compute
intensive process. With a picture size of 720x480
pixels at 30 frames per second, a picture must be
processed in 33.3 milliseconds. Assuming that there
are 1350 macroblocks per-picture, then a 16x16 p{;él
macroblock must, on average, be processed in less
than 24.7 microseconds.

Of the available time, a large portion of
macroblock processing time is spent in the motion
estimation process 43 (Fig. 1) where the goal is to
detect temporal redundancy and to use it to
efficiently compress the picture. Thus, one way to
maximize picture quality in accordance with the
present invention is to spend more motion estimation
processing time on the important sections of the

picture. The most important area of the picture to



-13- of the next picture to find the best match macrobl ock 213.
Jranslatjng the macroblocks in this way yields a pattern of macrobl ocks for
the i+1[ert] picture, as shown in Fig. 4. Inthis way the i[err] picture is
changed a smal|l anmount, e.g., by notion vectors and difference data, to
generate the i+l[err] picture. Wiat is encoded are the notion vectors and
difference data, and not the i+1l[err] picture itself. Mtion vectors
transl ate position of an inmage frompicture to picture, while difference
data carries changes in chrom nance, |um nance, and saturation, that is,
changes in shading and illum nation. Returning to Fig. 3, we |ook
for a good nmatch by starting fromthe sane location in the i[err] picture
as in the i+l[err] picture. A search windowis created in the7i[err]
“picture. W search for a best match W%hin this search wi ndow. Once found,
t he best match,s l70 (o f r,abl .al o] . The codi ng of
t he best rratchhrl%r:L 0 %gEbngr:]%f Uit e?teggﬁg%‘\o%pv%giagégf %a?ggg? tth]lZ‘ﬁv many
pi xel s in the GPISeOfi Ehe pPIcHER Fingeplk f¥pigrliNedxadsraction is the
best match di spleweadsi fotlig. nepie lﬁiotﬁ.bheesﬁrﬁdti@m@dﬁdeéﬁiﬁ?ffer ence data,
al so referred ds t " | Ctd erkQL. |.ch I [ fference in
chrom nance aﬁ%QFﬁ%thﬁgeggggaég%%PﬁeEégé?%%paﬁhg$bgf%ggfgﬁ tha best match
ref erence macrdsiaRdance with this invention for better quality in

the center.

In MPEG2 video encoding, &4 macroblock may be
encoded as a single 16x16 frame macroblock or a two
separate interlaced 16x8 field blocks denoted as f1
and £2. The motion compensation steps consist of
full-pel motion estimation, half-pel motion
estimation, and dual prime motion estimation. The
time to complete motion estimation, t(me), can be
defined as:

t(me) = t(fp) + t(hp) + t(dp)

where:
t(fp) = time to complete full-pel (fp) motion
estimation
t(hp) = time to complete half-pel (hp) motion
estimation .
t(dp) = time to complete dual-prime (dp) motion
estimation

Each step in the motion estimation process can
be further broken down into the time to complete each
search in that step. For example, the maximum number
of possible full-pel motion estimation searches for a
bi-directional frame encoded (B) picture are
described below. Half-pel motion estimation has the
same maximum number of searches.

t(fp) = t(fp_cfr_pfr) + t(fp_cfr_£ffr)
t(fp_cfl_pf1) t (fp_cfl_pf2)
t(fp_cf1_f££f2) + t(fp_cfl bfx)
t(fp_cf2_ pf1l) t(fp_cf2_pf2)
t(fp_cf2_£ff2) + t(fp_cf2 bfx)

t{fp_cfxr bfr) +
t(fp_cf1_£f1) +

+ b+
4+ 4

t(fp_cf2_f£f1) +

where
t(fp_cfr_pfr)

fp current frame (cfr) /past ref.
frame search time

t (fp-cfr ffr) = fp current frame/fut. ref. frame
search time



The operational functions of an MPE&Q encoder are discussed in detail in
conmonl y ,assi gned, pending United States Patent Application Serial No.
08/ 831,157 by Carr et al., filed April 1, 1997, entitled "CONTROL SCHEME
FOR SHARED- USE DUAL- PORT PREDI CTED e

-14- ERROR ARRAY," which is incorporated herein in
its entirety. As noted initially, perceived picture quality may be
enhanced in accordance with the present invention by inproving the picture
quality in the center of the picture at the expense of picture quality at
the perineter of the picture. A flexible video encoder is described bel ow

i n which boundaries or regions can be defined to establish, for. exanple,
center, internediate and perineter regions of the picture. The encoder can
then adjust, for exanple, the notion“estimation paraneters and bit

al l ocation of the mack L RS Riehi!h t ptijnize picture quality
based on which region ?ﬁge'ggﬁ%fggl of‘léirus tlglbéamelgia ﬁ%%} ?‘ﬁ“ﬁe vi deo encodi ng
is a very conpute

t(fp_cfli pfl) = fp current field 1 (cfl) st ref.
field 1 search time /pa £

t(fp_cfl pf2) = fp current field 1/past ref. field 2
search time

t(fp_cf1 £f1) = fp current field 1/fut. ref. field 1
search time

t(fp_cfi ££2) = fp current field 1/fut. ref. field 2
search time

t{fp_cfl bfx) = fp current field 1/bidi ref. field
search time - )

t(fp_cf2 pfl) = fp current field 2 (cf2) /past ref.
field 1 search time

t(fp_cf2 pf2) = fp current field 2/past ref. field 2
search time

t(fp_cf2_££f1) = fp current field 2/fut. ref. field 1
search time

t(fp_cf2_£f2) = fp current field 2/fut. ref. field 2
search time

t(fp_cf2 bfx) = fp current field 2/bidi ref. field
search time .

*/% = gearched against

t(bp) = t(hp_cfr_pfr)
t(hp_cfl_pf1)

t (hp_cf1_££2)

- t(hp_cf2 pfi)
t(hp_cf2_ff2)

t(bp_cfr £fr) + t(hp cfr bfr) +
t(hp_cfl pf2) + t{hp cf1l £f1) «+
t(hp_cfl bfx) + -
t(hp_cf2 pf2) + t(hp_cf2 £f1) +
t (hp_cf2_bfx) -

+ kbt

where
t(hp_cfr pfr) = hp current frame/past ref. frame
search time
t(hp_cfr ffr) = hp current frame/fut. ref. frame
gsearch time
t(hp_cfr_bfr) = hp current frame/bidi ref. frame <
search time )

t(hp_cfil pfl) = hp current field 1/past ref. field 1
search time '

t(hp_cfi pf2) = hp current field 1/past ref. field 2

‘ search time

t(hp_cf1 £ff1) = hp current field 1/fut. ref. field 1
search time

t(hp_cfi ff2) = hp current field 1/fut. ref. field 2
search time

t(hp_cfl bfx) = hp current field 1/bidi ref. field
search time

t(hp_cf2 pfl) = hp current field 2/past ref. field 1
search time

t(hp_cf2 pf2) = hp current field 2/past ref. field 2
search time

t(bp_cf2 ffi) = hp current field 2/fut. ref. field 1
search time

t(hp_cf2 ££f2) = hp current field 2/fut. ref. field 2
search time

t(hp_cf2_bfx) = hp current field 2/bidi ref. field
search time



I ntensi ve process. Wth a picture size of 720x480 pi xels at 30 franes per

second, a picture nust be processed in 33.3 mlliseconds. Assumi ng that
there are <1350 macrobl ocks per picture, then a 16x16 pixel macroblock nust,
on average, be processed in less than 24.7 m croseconds. O the

available tine, a large portion of nacrobl ock processing tine is spent in
the notion estimtion process 43 (Fig. 1) where the goal is to detect
tenporal redundancy and to use it to efficiently conpress the picture.
Thus, one way to nmaxim ze picture quality in accordance with the present
invention is to spend nore notion estimtion processing tinme on the

| nportant sections of the picture. The nobst inportant area of the picture
to -15-- visual perception is
bel i eved by Appllcants to be the centéi of the. picture since-it typically
draws a viever's foGeaibiaviRyl SlcGRd ) B8cRAACoSGIA TRt the edges
of the pictur n be sacrlflcedmkn accor&a I"hvent i on for
better qualit§ ﬁ m number qf, fyddcpel; Webi®hcodi ng, a macrobl ock
may be encodeﬁsb;m%tipnuﬁeartﬁn&Gaérz&ﬁusumateulmnkrﬁg.esl\mnalf-

pel wmotion estimation has the same maximum number of
searches.

t(fp) = t(fp_cfr pfr)
. t(£p_cfl pfi)

t(fp_cfi_pf2) +
t(fp_cf2 pfl) et p

t (fp_cf2_pf2)

4+

t(hp) = t(hp_cfr pfr)
t (hp_cf1l_pfi1)

t(hp _cfi _pf2) +
t (hp_cf2_pfl) -

t (hp_cf2_pf2)

+ 4+

Dual prime motion estimation can only be
performed on predic;ively encoded (P) pictures and
consiste of the following searches:

t(dp) = t(dp_cfl pf2) + t(dp_cf2 pfi)

where

t(dp_cfl pf2) = dp current field 1/past ref. field 2
search time

t(dp_cf2_pfl) = dp current field 2/past ref. field 1
search time

Time required to complete the motion estimation
steps is controlled by several factors. One factg§
ie the circuitry used to perform the motion
estimation. The speed and amount of circuitry
present and the efficiency of the design (e.g.,
pipelining, dataflow implementation, etc.) play an
important role in determining the time needed to
complete motion estimation. The circuitry
characteristics in an encoder are fixed in hardware
and are therefore not adjustable.

The time to complete motion estimation
processing is proportional to the total number of
searches performed and the size of the search area in



separate interlaced 16x8 field blocks denoted as fl and f2. The notion
eonpensation steps consist of full-pel notion estimation, half-pel notion
estimation, and dual prime notion estinmation. The time to conplete notion
esti.mation, t(ne), can be defined as: t(me) =t(fp) + t(hp) + t(dp)

vher e: t(fp) =tinme to conplete full-pel (fp) notion

estimation t(hp) = tinme to conplete half-pel (hp) notion
estimation t(dp) = tine to conplete dual -prinme (dp) notion
estimation Each step in the notion estimati on process can be further

broken down into the tinme to conplete each search in that step. For
exanpl e, the maxi mum nunber of possible full-pel notion estimation searches
for a bi-directional frame encoded (Bjgpicture are described bel ow
Hal f -pel notion estinmation has the sanme maxi num nunber of searches. t(fp)

= t(fp_cfr_pfreach tedarchf.r _af ia:)ge'r ts(éa&cﬁfaré&f @errérall Zi)l.ead%gt;.&_flcf |bf_ ?f |+)
+ t(fp_cfl f + pc X
t(fE) oT 2 pf|)2'%+ee{"f%"( dBf“E’E‘L‘*{Ey’)‘ Snss, thF’z“ef# P grdatel t(fp cf2 ff2) +
t (fpcf2_bfx) CRRR¥mity” €o £ipd rhe t‘dzrqr pﬁﬁyhimsf Feferenne datae (cfr)/past
ref . However, the tihéar@qBiARidBot sé&rch an areat 6Ep-cfrffr) = fp
current frame/fgterdfle dht8 ncreases as the size of thet8LSlch!' M

area increases.

In a specific encoder impiémentation, the
circuitry, motion estimation steps, number of
searches per step, and search area size must &dll be
balanced in order to meet the processing time
requirements per macroblock. Conventionally, these
features are all uniformly balanced across a picture.
Balancing is accomplished by performing an identical
motion estimation process on each macroblock and
ensuring that the total processing time of the
macroblock is less than, for example, 24.7
microseconds. In accordénce with the present
invention, these motion estimation parameters are
-varied for each macroblock depending upon which
region of two or more regions of the picture the
macroblock is in so as to enhance perceived pictd?é
quality.

For an understanding of the invention, an
example employing three regions will be described.
The concept is not limited to three regions, but
rather applies to partitioning of the picture into
two or more regions. Further, the size,
configuration and location of the regions are
variable and depend upon desired picture quality for
a particular region. As one example, Fig. 7 depicts
a picture wherein a plurality of macroblocks are
disposed in grid configuration. Each macroblock is



t(fp_cfr_ bfr) = fp current frane/bidi ref. frame

search tjne t(fp_cfl_ pfl) =fp current field 1 (cfl)/past ref.
field 1 search tine t(fp_cfl _pf2) = fp current field I/past ref.
field 2 search tine t(fp_cfl_ ffl) =1fp
current field I/fut. ref. field 1 : search tine
t(fp_cfl _ff2) =fp current field 1/fut. ref. field 2

search tine t(fp_cfl bfx) = fp current field 1/bidi ref. field
search tinme : t(fp_cf2 pfl) =1fp current field 2 (cf2) /past ref.
field 1 search tine t(fp_cf2_pf2) fp current field 2/ past ref.
field 2 i search tine t(fpcf2 ffl) =fp
current field 2/fut ref. field 1 : seafch tine

t(fp_cf2 ff2) = fp current field 2/fLﬁ ref. field 2 -
search tine loca.t:edt ﬁi@hfﬁ 2ot >@£ ttﬁ:@ecﬁdﬂﬂis Bfehﬁeﬁl bi di r](?f) field

h t " d t ry +
CChpoerr T1r) PREERkhoRed piteE " AIREY bl pbEBaRIRD' L[ (5
t (hp_of |~ ffi pomprises a eqmfer Gcfelglotlf.Z}‘egiQrUﬂ@ igf B bf x) P t (hp_
cf2_pfl) + t(hptesiddaphes feéi&paﬁlﬁzre§iéﬂ R1 18 a peri{;ﬂ@r&iz ff2) +

t(hp_cf2 bfx) wher e p ren ane/past ref.
frame glon' ,Reglc'ns é%frn?hk?: ﬁﬁg conc%n%re. 8‘# _ffr) hp

current frame/egdon BB. frane search tlne

t (hpcfr bfr) = hp current frane/bidi ref. frane

search tine urr ield 1/ ref. field 1

search time BYi?ﬁg % O% etaqieﬁ "'“%eﬂﬂ €|&Sf é%o?e*s field 2

search time made thathp afragign R1L ﬁpmpmﬁ%mtanf peutermpsut ref. field 1
macroblock on each edge of a picture, resulting in

146 macroblocks in R1l’; a region R2‘’ comprises two
rows and three columns of macroblocks on the inside
of region R1‘, meaning that region R2‘ includes 230
macroblocks; with the remaining macroblocks, i.e.,
947 macroblocks being in a center region R3‘.

-IJ

The next step in accordance with the present
invention is to adjust the motion estimation process
for each region. The following description will
detail adjustments only to the full-pel motion
estimation step in a macroblock frame encoded P-
picture. It is understood that there are other i
adjustment alternatives that can be applied to the
full-pel motion estimation and that similar
adjustments can be applied to the half-pel and/or
dual prime motion estimation steps in accordance with
the present invention. When processing a B-picture,
there are many motion estimation alternatives that

can be applied to the various motion estimation
steps.

For a picture size of 720x480 pixels at 30
frames per second, the average processing time for a
macroblock must be less than 24.7 microseconds. In



search ti

me t(hp_cfl _ff2) = hp current field 1/fut. ref. field 2
search tjnme t(hp_cfl _bfx) = hp current field I/bidi ref. field
search tinme t(hp_cf2 pfl) = hp current field 2/past ref. field I
search tinme t(hp_cf2 _pf2) = hp current field 2/past ref. field 2
Search tinme t(hp_cf2 ffl1) = hp current field 2/fut. ref. field 1
search tinme t(hp_cf2 ff2) = hp current field 2/fut. ref. field 2
search tine t(hp_cf2 _bfx) = hp current field 2/bidi ref. field
search tine -17- A
predictively encoded (P) picture contains the follow ng maxi num nunber of
full-pel notion estinmation searches as illustrated in Fig. 5. Half: pel
motion estimation has the same maxi mug nunber of searches. t'(fp) =
t(fp_cfr_pfr) + t(fp_cfl _pfl§f + t(fp_cfl _pf2) + -

t(fp_cfl_pfl) tﬂhié fé:aﬁ%iepf &suhé MhHat™ theNBmSlde RIF kidie

t (hp_cf| pr) {1 fogfmétlon estimation, t(me), has been
determlned to be 18 microseconds per macroblock. The
total picture motion estimation time, T(me), is then
24,300 microseconds.

Without the use of the invention, the balancing
of the motion estimation parameﬁers would typically
result in the following implementation with all time
units being in microseconds:

® Full-pel search range for current frame search
(fp_cfr) is +/- 32 horizontal and +/- 32
vertical.

¢ Full-pel search range for current field f1 or f2
(fp_cf1,fp_cf2) is +/- 16 vertical.

¢ Due to design limitations, there is insufficient
time to perform opposite parity full-pel field
searches.

t(me) <= 18
t(me) = t(fp) + t(hp) + t(dp)

Assume that the motion estimation time of half-
pel and dual-prime are equal to 4 microseconds each.
Then full-pel motion estimation time must be: '

t(fp) <= t(me) - (t(hp) + t{(dp))

t(fp) <= 18 - ( 4 + 4 )
t{fp) <= 10

Assume further that for the following search
range sizes, the associated motion estimation times
are present:

Search range fp cfr = +/- 32 H, +/- 32 V
t(fp_cfr pfr) = Sus

Search range fp_cfl = +/- 16 H, +/- 16 V
t(fp_cfl pfl) = t(fp_cfl _pf2) = 2us

Search range fp cf2 = +/- 16 H, +/- 16 V
t(fp_cf2_pfl) = t(fp _cf2_pf2) = 2us



t(hp_cf2_pfl) + t(hp_cf2_pf2) Dual prinme notion estimation can only
be perforned on predictively encoded (P) pictures and consists of the

fol |l ow ng searches: t(dp) = t(dp_cfl _pf2) + t(dp_cf2 pfl) wher e
t(dp_cfl _pf2) = dp current field 1/past ref. field 2

search tinme t(dp_ cf2 _pfl) = dp current field 2/past ref. field 1
search tinme Time required to conplete the notion estimation steps is

controlled by several factors. One factor is the circuitry used to perform
the notion estimation. The speed and anmount of circuitry present and the
efficiency of the design (e.g., pipelining, dataf |ow inpltenentation, etc.)
play an inportant role in determning the tine needed to conplete notion
estimtion. The circuitry characteristics in an encoder are fixed in

har dwar e and are therefore not adjustabl e. The tine to conplete

notion estimation pEPCEsSitiag ShelaRSFdrtonabrbBldhe #iid@d nunmber of
sear ches perforned ,and the §L7¢ of the search area in .
searches to only the same parity searches, the time
for full-pel motion estimation will meet the t(fp) <=
10 microseconds requirement.

t(fp) = t(fp_cfr pfr) + t(fp_cfl pfl) + t(fp_cfl pf2)
5 2 "

+ (fp cf2 pfl) + t(fp_cf2_ pf2)
2

t(fp) = 9us

With use of this invention, the motion
estimation parameters of the three regions can be
adjusted to enhance the quality at the center of the
picture. The motion estimation time will be reduced
in the two non-center regions and the time savings
will be used in the center.

In region R1‘, the following motion estimation
parameters will be set.

¢ Full-pel search range for current frame search
(fp_cfr) is +/- 8 horizontal and +/- 8 vertical.

® Do not perform full-pel search range for curxzent
field f1 or f£2. )

®* Do not perform half-pel searches.

* Do not perform dual-prime searches.

‘The R1‘ full-pel motion estimation time t (fpR1),
per macroblock, total R1’ motion estimation time per
macroblock, t(meRl) and total motion estimation time
for R1‘, T(meRl) are calculated as shown.

Assume that for the following search range size,
the associated motion estimation times are present:



each search. A larger search area generally |leads to better conpression
since there is a greater opportunity to find better matching reference
data. However, the tinme required to search an area of reference data

i ncreases as the size of the search area increases. In a specific
éncoder inplenentation, the circuitry, notion estimation steps, nunber of
searches per step, and search area size nust all be balanced in-order to
nmeet the processing tine requirenents per macrobl ock. Conventionally, these
features are all uniformy bal anced across a picture. Balancing is
acconpl i shed by perform ng an identical .notion estimati on process on each
macr obl ock and ensuring that the total processing tinme of the macroblock is
| ess than, for exanple, 24.7 microsecgnds. In accordance wth™the present

i nvention, these notion estimation 5§?éneters are varied for—each

macrobl ock dependi £, QLM EGH EILOLY-Of ul WY.Of yTOre regions of the
pi cture the macrobl ock(fipg1idErSsFras- R0 enhance perceived picture quality.

For an under st andi the .inveptign, an exanple enpl oying three regions
will be descri bed.p%?gI)CSn%((fﬁ gcgr—ﬁg?’ finmited to three regions, but rather
applies to partitioning of the picture into two or nore regions. Further,
the size, configuration ant(fPBe&fl-ghtoft tWERYLEG18R3 dre variabl e and depend
upon desired picture qual igM-pfzprcfz_gfpgu{&g@@ff_%gj;pn. As one exanple, Fig.
7 depicts a picture wherein a plefality of nmaerebl ocks are disposed in grid
configuration. Eacpgmeroblock is

t(meR1) = t(fpR1) + t(hp) + t(dp)

t (meRl) = 2 d mm— o -

t(meR1l) = 2us

T(meR1l) = 292us (i.e.,146 macroblocks)

In region R2’ the following motion estimation
parameters will be set.

¢ Full-pel search range for current frame search
(fp_cfr) is +/- 16 horizontal and +/- 16
vertical.

e Full-pel seaxch rénge for current field f£1 or £2
(fp_cf1,fp_cf2) is +/- 8 horizontal and +/- 8
vertical.

¢ Do not perform full-pel current field opposite
parity searches.

¢ Perform half-pel searches.

¢ Do not perform dual-prime searches.

The R2‘ full-pel motion estimation time,
t (fpR2), per macroblock, total R2’ motion estimation
time per macroblock, t(meR2) and total motion
estimation time for R2‘, T(meR2) are calculated as
shown.

Assume that for the following search range

-sizes, the associated motion estimation times are
present:



| ocated within one of three regions of the partitioned picture. In this
exaypl e,, region R3 conprises a center region, region R2 is an internedi ate
region and region RL is a peripheral region. Regions R2 and Rl are
concentric about regi on RS. By way of one detail ed exanple, an e
dssunption is nmade that: a region R1' conprises an outernost macrobl ock on
each edge of a picture, resulting in 146 macroblocks in Rl'; a region R2
conprises two rows and three colums of nacrobl ocks on the inside of region
R1', nmeaning that region R2' includes 230 nacrobl ocks; with the renaining
macr obl ocks, i.e., 947.macrobl ocks being in a center region R3'. The
next step in accordance with the present invention is to adjust .the notion
estimation process for each region._;@g foll owi ng description™wi |l detai
adjustnents only to the full-pel notfdn estinmation step in a-macrobl ock
frame encoded P- pidulebif @angd EpraScttndel/stof, thpatigt fere are ot her adj ust ment
alternatives that cantteprapskipEdf) t=03ghe full -pel notion estinmation and that

simlar adjustnent®a zk’cggg V\Eﬁ: {)‘/t' Hp a4 and/or dual prime notion
estimation steps i@ea&g @aﬁé%e A izhE ﬁeg%:gﬁa ;ﬁﬂﬁventi on. \When processing
a B-picture, there art(fpRR\CEATRHIADIF béip A% PER) alXper nati ves that can be

applied to the var{ gis,yoti ] j Qn st eps. For a picture size
of 720x480 pixels at "3 fﬁgﬁggigégﬁégcond, t he average processing tinme for

a nmacrobl ock nmust be less than 24.7 mcroseconds. |In
. t (£pR2_cfl pfl) + t(EpR2_cfl pf2) +
1 ——

t(£pR2_cf2_pfl) + t(£pR2_cf£2_p£2)

t(fpR2) = 5us

t(meR2) = £(£pR2) + t(hp) + t(dp)
t(meR2) = 5 + 4 4+ -
t(meR2) = Sus

T(meR2) = 2070us (i.e., 230 macroblocks)

In region R3', the following motion estimation
parameters will be set.

* T(meR3) <

24,300 - (292 + 2070) = 21,938

* £(meR3) < = 21,938/974 macroblock
* t(meR3) < = 22.,5us

* Perform all searches.

* t(£pR3) < = 22.5 - (t(hp) + t(dp))
* t(fpR3) < = 22.5 - (4 + 4)
* t(fpR3) < = 14.5

Additional time can be used to expand range for
full-pel current frame search.

Full-pel search range for current frame search
(fp_cfr) is +/-.48 horizontal and +/- 48
vertical.

Full-pel search range for current field fl or f2

(fp_cfl,fp cf2) is +/- 16 horizontal and +/- 16
vertical.



-20- this exanple, assune that the amount of tine available for notion
estimation, t(ne), has been determ ned to be 18 m croseconds per
macr obl ock. The total picture notion estimation time, T(nme), is then 24,300

m cr oseconds. Wt hout the use of the invention, the balancing of the
motion estimation paraneters would typically result in the foll ow ng

I npl ementation with all tinme units being in mcroseconds: . Full -pe
search range for current frame search (fp_cfr) is +/- 32 horizonta
and +/- 32 vertical . . Full-pel search range for current field f1
or f2 (fp_cfl,fp_cf2) is +/- 16 vertical. - * Due to design
limtations, there is insufficient time to performopposite parity
full-pel field sear ches. t(nme) <= 18 tCme) = t(fp) +
t (hp) + t(dp) Assume that the Tt on estimation time of half- pel and

dual-prime are equb pgd £1 £ AA9°RRTS oAk I8 al Bhhrgiels Mt On

estimation time nust
® Perform half-pel searches.

¢ Perform dual-prime searches.

The R3‘ full-pel motion estimation time,
t (EpR3) , per macroblock, total R3‘’ motion estimation
time per macroblock, t(meR3) and total motion

estimation time for R3‘, T(meR3) are calculated as
shown.

Search range fpR3_cfr
Search range f£pR3_cfl
Search range fpR3_cf2

+/- 48 H, +/- 48 V
+/- 16 H, +/- 16 V
+/- 16 H, +/- 16 V

t(£pR3) = t(£pR3_cfr pfr) +
6.5
t(£pR3_cfl pfl) + t(£fpR3_cfl pf2) +
2 2
t (fpR3_cf2 pfl) + t(fpR3_cf2 pf2)
2 2
_ t(fpR3) = 14.5
t(meR3) = t(fpR3) + t(hp) + t(dp)
t(meR3) = 14.5 4 + 4
t(meR3) = 22.5ps
T(meR3) = 21915us (i.e., 974 macrcblocks)

In this example, the invention has allowed for
two additional searches, the opposite parity, full-
pel field searches and an expanded search range on
the full-pel current frame search for the 974
macroblocks in the center of the picture by
restricting the motion estimation time for the 376
macroblocks in the two perimeter regions. This will
allow for much better motion estimation and
compression of the center of the picture. as
required, the total motion estimation time for the
picture is still less than 24,300 microseconds.



t(fp) <= t(me) - (t(hp) + t(dp)) t(fp) <= 18 -(4 + 4)

t(fp) <= 10 Assune further that for the follow ng search range sizes,
t he associated notion estimation tinmes are present: Search range fp
cfr = +- 32 H - 32V t(fpcfr pfr) = 5{err]s Search range
fp_cfl =+/- 16 H +/- 16 V t(fp cfl pfl) =t(fp cfl pf2) =
2[err]s Search range fp cf2 = +/- 16 H, +/ - 16 V

t(fp_f2 pfl) = t(fpcf2 pf2) = 2[err]s _

-21- By limting the current macroblock field searches to only the
sane parity searches, the tinme for full-pel notion estimation will neet the
t(fp) <= 10 m croseconds requirenent. t(fp) = t(fp_cfr_pﬂr) +
t(fp_cft _pfl) + t(fp_cfl_ pf2) CoEL + (fp_cf2_pfl) +7t(fp_cf2_
of 2) 2 t (Fp) = 9[err s Wt h

use of this inventirqme) &hememl)i 97 @sdz) NRTwERzpar aneters of the three
regi ons can be adjusted=t @%8nhanc@d0the quaddiby at the,center of the
picture. The notion est Frifrfth tine will be reduced in the two non-center
regions and the tine savings

In addition to total motion estimation time,

various encoding parameters can be adjusted for each
macroblock or picture depending upon its location
within one of several defined regions on the picture.
For example, bit allocation is.another éncoding
parameter which will have an affect on perceived
picture quality. The basis for bit allocation is a
specified bit rate for the encoded video stream. The
bit rate is defined in bits per second. ' Based on the
macroblock frame rate and type of picture being
encoded, a number of bits per picture is assigned.
For example, at 6,000,000 bits per second (6Mbps),
with pictures at 30 frames per second, each picture
would be allocated 200,000 bits assuming the bits
were allocated uniformly. With a 720x480 picture

(1350 macroblocks) there would be 148 bits allocated
per wmacroblock.

The bit rate control algorithm of the digita¥er
video encoder will use the allocated bits per
macroblock as a target for encoding the macroblock
and will set an appropriate quantization value. A
simple algorithm is to set a quantization value based
on the value of the target bits. More sophisticated
algorithms can incorporate pre-processing and
feedback to provide additional information that can
be used to adjust the quantization.

The adjustment of target bits per macroblock (as
well as other encoding parameters such as motion
estimation parameters) is a function of an encoder



Wil l be used in the center. In region RL', the follow ng notion

estimation paraneters will be set. . Full-pel search range for current
frame sear<ch (fp_cfr) is +/- 8 horizontal and +/- 8 vertical. . Do
not performfull-pel search range for current field f1 or f2. .. Do
not perform hal f-pel searches. . Do not performdual -prinme searches.

The R1'" full-pel notion estimation time t(fpRl), per macroblock, total Rl'
notion estimation tine per macroblock, t(nmeRl) and total notion estination

time for R1', T(meRl) are calcul ated as shown. Assunme that for the
foll owi ng search range size, the associated notion estimation tines are
present: -22- Search range

fpRL cfr = +/- 8 H +/- 8V -26- -

processor 200 embedded in the encoder which has the
ability to adjust the necessary values under software
control. In Fig. 6, encoder processor 200 is shown
connected to both the motion estimation processing 43
to control one or more motion estimation parameters,
and the quantizer 23, to control the quantization
value based upon a set target bits per macroblock.
Implementation of processor 200 with software in
accordance with this invention can be readily
undertaken by one skilled in the art based upon the
discussion presented herein. Processor 200
essentially controls the setup of the motion
estimation and target bits per macroblock values.

In accordance with the present invention, the
number of bits allocated per macroblock is adjusted
based on the position of the macroblock within the
picture, i.e., which region of a partitioned picture
the macroblock is located. Based on the three
regions defined in the example, the following number
of bits per macroblock (MB) could be allocated in
accordance with this invention for each region:

Region 1 - 50 bits/MB. Total Region 1 bits = 7.3K

Region 2 - 100 bits/MB. Total Region 2 bits

23K

Region 3 - 174 bits/MB. Total Region 3 bits

169.5K

With the above numbers, the total bits per
picture meets the required 200,000 bits. However, by
selectively distributing the target bits per
macroblock, the center region of the picture is
allocated nearly 20% more targét bits per macroblock



t(fpRL_¢fr_ pfr) = 2 t(fpR)

_cfr_ = t(fpR _cfryfr) + 2

$(fpRL_cfl _pfl) + t(fpR _cfl pf2) + t(fpR _cf2_pfl) +
t(fpR _cf2 pf2) t(fpR) = 2 t(meR) = t(fpR) + t(hp) + t(dp)
t(meRl) = 2 + -+ --- t(meRl) = 2[err]s T(meRl) =
292[err]s (i.e.,146 macrobl ocks) In region R2' the follow ng notion
estimation paraneters wll be set. . Full-pel search range for current
frame search (fp_cfr) is +/- 16 horizontal and +/- 16 verti cal

Ful | - pel search range for current field f1 or f2 (fp_cfl,fp_cf2) is
+/- 8 horizontal and +/- 8 vertical.. * Do not performfull-pel
current field opposite parity searches. . Perform hal f-pe
sear ches. . Do not perforn1duaLhE%ine sear ches. The R2
full-pel notion estimation tinme, t (fpR2), per macrobl ock, total R2' notion

o o O oS e bl baihr sl SER| O
or : nme re oW, .
foll ow ng sear t’f% f%ﬁ@%r‘?{i’f‘g‘?, gP ebh%s%@'r"ﬁa&&oﬁoﬁ‘g‘ﬁm% lon tinmes are

D

present: would result in lower quantization in the center
region of the picture, and therefore, higher picture
quality.

Those skilled in the art will note from the
above discussion that severalﬂapproacheé are
presented herewith for enhancing picture quality
based on controlling selected encoding parameters
employed in a digital video encoder. In all aspects,
the picture is initially partitioned into multiple
regions, such as a center region and a peripheral
region. An encoding parameter, such as a motion
estimation parameter or target bits per macrobleock,
is then adjusted for each macroblock based upon the
location of the macroblock within the multiple
regions of the picture. The invention does not
attempt to define the boundaries of the regions or
the specific encoding parameters to be adjusted.
Such details can be defined based on the source
material, application or other criteria. The motion
estimation and target adjustments are independent;
however, both concepts can be employed together to
provide a greater ability to selectively optimize
picture quality.

The presént invention can be included. 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, coﬁputer readable program code means for
providing and facilitating the capabilities of the
present invention. The articles manufactured can be



- 23- Search range fpR2_cfr = +/- 16 H, +/- 16 V

1 (fpR2 _cfr_pfr) = 3[err]s Search range fpR2 cfl- +/- 8 H +/- 8 V
t(fpR2_cfl- pfl) - t(fp_cfl _pf2) - 1[err] Search range fpR2 cf2 = +/=
8H +/- 8V t(fpR2_cf2_pfl) =t(fp_cf2_pf2) = 1[err]s

t(fpR2) t(fpR2_cfr_pfr) + t(fpR2_cfl _pfl) +

t(fpR2_cfl _pf2) + _ 1 t(fpR2_cf2_pfl) +

t (fpR2_cf2 pf2) t(fpR2) = 5[err]s t(meR2) = t(fpR2) + t(hp) +
t (dp) t(meR2) = 5- + 4 + t(meR2) 9[err]s T(meR2) =
2070[err]s (i.e., 230 nmacrobl ocks) In region R3', the-follow ng
noti on estinmation paraneters will be set. . T(nmeR3) < = 24,300 - (292
+ 2070) = 21,938 . t(meR3) < = 21,938/ 974 nmacrobl ock -

included as part of the computer system or sold
separately.

The.flow diagrams depicted herein are provided
by way of example. There may be variations to these
diagrams or the steps or operations described herein
without departing from the spirit of the invention.
For instance, in certain cases' the steﬁs may be
performed in differing order, or steps may be added,
deleted or modified. All -these variations are
considered to comprise part of the present invention
as recited in the appended claims.

While-the invention has been described in detail
herein in accordance with certain preferred
embodiments thereof, many modifications and changes
therein may be effected by those skilled in the art.
Accordingly, it is intended by the appended claims to
cover all such modifications and changes as fall
within the true spirit and scope of the invention.



.ht(neRB) < = 22.5[err]s . Performall searches. . t(fpR3) < = 22.5
= (t(hp), + t(dp)) . t(fpR3) < =22.5 - (4 + 4) . t(fpR3) < =14.5
. Additional tine can be used to expand range for full-pel current

frame search. . Ful | - pel ch range for current frame search
(fp_cfr) is +f?“18—ﬁ67T26%F§r§§ﬁ5 +/ - 48 vertical . . Ful | - pel

e U R

- 24- . Perform@l - fdll$ current field searches.
hal f - pel searches. : Perforn1dua| pri me.sear ches.

-29-
Claims

1. A method for processing a picture having a
plurality of macroblocks, said method comprising:

partitioning the picture into at least two
regions; and

setting at least one encoding parameter for
each macroblock of the picture based upon which
region of said at least two regions of the
picture said macroblock is located.

2. The method of claim 1, wherein said at least
two regions of said partitioning comprises a center
region of the picture and at least one outer region
of the picture disposed outside the center region,
and said method further comprises setting the at
least one encoding parameter for each macroblock to
enhance picture quality in the center region of the
picture compared with picture quality in the at least
one outer region of the picture.

3. The method of claim 2, wherein the at least
one encoding parameter comprises a motion estimation
parameter, and wherein said setting comprises setting
the motion estimation parameter for each macroblock
of the picture based upon which region of said at

least two regions of the picture said macroblock is
located.

4. The method of claim 3, wherein said motion
estimation parameter comprises total time for motion
estimation processing of the macroblock, and wherein

Ths&mﬂkhs

U



The R3'" full-pel notion estimation time, t (fpR3), per macroblock, total
‘R3'. notion estimation tine per macrobl ock, t(nmeR3) and total notion
estlnatlon tlne e cal cul ated as shown. Sear ch

' Search range fpR3 _cfl = +/- 16-H,

:él:pjlig Xfrpfr) +ﬂ1“‘“ “ﬂ“qlﬂﬁ 2 6+/5 161 /- 10 t(bfxf)ﬁgEETIHRB)

t(fpR3_cfl _pf2) + 2 EPLACED

t(fpR3 cf2 pfl) + t(fpR3_cf2 pf2) 2

t(fpR3) = 14.5 t(meR3) = t(fpR3) + t(hp) + t(dp) t(meR3) = 14.5
4 + 4 t(meR3) = 22.5[err]s T(meR3) = 21915[err]s_(l.e., 974
macr obl ocks) In this exanple, the invention has allowed™for two
addi ti onal searches, the opposite parity, full- pel field searches and an
expanded sear @alrcawtgagtésm :.U:il.éesO%EtEﬂ'i %thlfg'h%getBEQiclﬂu&@rtltge 974

macr obl ocks i n.the center cture restri
estimation tinef oL vhE §?§”H%‘E:‘H§‘EP6‘8E§S? q 1f te\ﬁﬁﬁp@f’" 0ck egi ons. This
will allow forimmfdie isenter negiam ofsthewmpicumndompapedseitin of the center

of the pictureaoth kAt E8H mbtiford @rseamaeiérpgn%hmhgoaftéga,for the

econ
picture is st 'tJtacro%i han gﬁé 3£t0 1@a%¥:0<§ne outer region of the

picture.

5. The method of claim 3;'Wheréin'said motion
estimation parameter comprises motion estimation
search type, motion estimation search area, or number
of motion estimation searches for motion estimation
processing of the macroblock and wherein said
setting comprlses settlng a more complete motion
estimation search type, motion estimation search
area, or number of motion estimation searches for
motion estimation processing of each macroblock in
the center region of the picture compared with that

of each macroblock in the at least one outer region
of the picture.

6. The method of claim 3, wherein said motion
estimation parameter comprises motion estimation
search type for motion estimation processing of the
macroblock, and wherein said setting comprises
providing full estimation searching for each
macroblock in the center region of the picture and
only partial motion estimation searching for each

macroblock in the at least one outer region of the
picture.

7. The method of claim 2, wherein the at least
one outer region of said picture comprises two outer
regions, a first outer region encircling said center
region, and a second outer region encircling said

—_—
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- 25- T (me) - T(meR) + T(meR2) + T(meR3) = 292 + 2070
.21915 = 24,277 In addition to total notion estimation tine,

“vari ous encoding paranmawlmt ed for each macrobl ock or picture
“dependi ng upon its lo jon within o f several defined regions on the
picture. For exanpl e,z anot her encodi ng paraneter which
gg”fe quality. The ba
rat @

w Il have an affect o M 9 d QR

allocation is a specified bi 't t he encoded vi deo}stre ij]ﬁéstﬁgﬁ“ ‘
rate is defined in bits per second. Based on the nacrobl E a
type of picture being encoded, a nunber of bits per picture is assigned.
For exanple, at 6,000,000 bits per second (6Mips), with pictures at 30
frames per second, each picture would_he allocated 200,000 bits assum ng
the bits were allocated uniformly. Wth a 720x480 picture (1350

nacr obl ocks) t k@ WBHEEYr Pfe JDighggabéssd %ﬁtaﬁrr@@ﬁ:pbl ock. The
bit rate control lﬁgrlthmo encp w Il _use the

al l ocated bits PEPHECPILF RR” eé'ahafﬁ%{oq‘ c?%egﬁso%ﬁ;l e ®Mfcr obl ock and
will set an apmadgr metboduiutthen icompriser sektingpthe Atydeashm is to set a

quaﬂtltzatlgndvaidéeehtaﬁaﬂn AMee@rueotefeaéwn{aa&esio&kt& dﬂa_][e dback T
sophi sticated al.gqri | Ncor.porat e pre- essin eedback to
provi de additi (ﬁi‘%% gfs’nﬁ{?ﬁ%c? Wd‘f’ U5h %‘gald‘é: fg‘ ééﬁj‘%% 8%Gfant i zati on.
The adj ust nent igf ther gersmoet@ememnomwe(daylﬂblth%ls ot her encodi ng

par a(rjreters SUChnRSroMbeRB €8t EHERdeROnBAGREY YeGliohSaid ftdErnhancal an
encoder

picture quality of the macroblocks in the center
region compared with the macroblocks in the first
outer region.

8. The method of claim 7, wherein said motion
estimation parameter comprises a total time for
motion estimation processing of the macroblock, and
wherein said setting comprises setting a highest
total time for motion estimation processing of
macroblocks within the center region, an intermediate
total time for motion estimation processing of
macroblocks within the first outer region, and a
lowest total time for motion estimation processing of
macroblocks within the peripheral region.

\'
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6.

processor 200 enbedded in the encoder which has the ability to

. sadj.ust the necessary val ues under software control. In Fig. 6, encoder

processor -200 i s shown connected to both the notion estimtion processing
guanti zer

223,
macr obl ock.

with this invention can be readily undertaken by one Skl|pg§SHﬁEfH@SdﬁﬁN
based upon the discussion presented herein. Processor 2QQ ]
controls the setup of the notion estimtion and target bItS per

val ues.

exanpl e, the
allocated in

50 bits/ M.

Total Region

169. 5K

*43 to control one or tion paraneters, and the
; to control the qugmm I(III]“EII quEased upon a set target bi

1 npl enent att orf oft pfocéssbr 200 with soft wafe

ts per

nacrod“ock

I n accordance with the present invention, the nunmber of bits
al  ocated per nacroblock is adjustedsgased on the position of " the
macrobl ock within the picture, i.e mhlch region of a partitioned picture

t he macrobl ock is bocwhednetaﬁfcp@foalam 3 hrdereddl sasddet i ekt N t he

g@%{)risg%gnp%qaﬁ:rafn%;:eg é#‘segagoggeac# r%i? o(r:lOUI 4 be Region 1

vabue) Fuedianid setting qomprises setipgrtle - 100 bits/ MB.
qubhtszat Z5K value £Be0éadth acrdblobktof Mhe Tiictluridegi on 3 bits

such that macroblocks in the center region of the
picture undergo less quantization than macroblocks in
the at least one outer region of the picture.

10. The method of claim 2, wherein the at least

_ one encoding parameter comprises a target bits per

macroblock, and wherein said setting comprises
setting a higher target bits per macroblock for each
macroblock within the center region of the picture
compared with the térget bits per macroblock set for
each macroblock in the at least one outer region of
the picture.

11. The method of claim 10, wherein the at
least one outer region comprises a first outer region
and a second outer region, said first outer region-
encircling said center region, and said second outer
region encircling said first outer region, said oy
second outer region comprising a peripheral outer
region, and wherein said setting comprises setting
the target bits per macroblock for each macroblock in
the first outer region to a value intermediate the
target bits per macroblock for macroblocks in the
center region of the picture and the target bits per
macroblock for macroblocks in the peripheral region
of the picture.

S
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Vvth t he .above nunbers, the total bits per picture neets the required
:20Q, 000 bits. Fbmeve[bﬂby_seLee%fveTy—ﬁ’étr|but|ng the target bits per

Jracr obl ock, the center reqior cture is allocated nearly 20% nore
‘target bits per macrob i‘ ‘ -27-
‘then before the invent r*target value is factored into the bit

al l ocation algorlthnlana mnuld result in |ower quantizati
region of the -picture, and therefore, higher picture qual
skilled in the art will note fromthe above discussion th
approaches are presented herewith for enhancing picture quality base"
controlling selected encoding paraneters enployed in a digital video
encoder. I'n all aspects, the picture §§ initially partitioned”™into nultiple
regi ons, such as a center region and a peripheral region. An—encodi ng

par anet er, such as 12 .MirheNmechodd s YLala imkﬁér@intﬁl%ta@' ts per

nacroblock i f or_each macraobl ock based upon the | ocation of
t he nacroblock &ﬂﬁ §§53§§?$ %FﬁQﬁfqgh§°8? 1R i AW The i nventi on
does not atterﬁﬁ ner@net@omuhra &argetihits apgwns or the specific

encodi ng par anmdcrcblicekheand] whdeshn S:Gld deteihg Sampbiuaief i ned based on
the source setting the motion estimation parameter and the
target bits per macroblock for each macroblock of the
picture based upon which region of said at least two
regions of the picture said macroblock is located.

13. The method of claim 12, wherein the at
least two regions comprises a center region and at
least one outer region, and said motion estimation
parameter comprises total time for motion estimation
processing of the macroblock, and wherein said
setting comprises setting a higher total time for
motion estimation processing of each macroblock in
the center region of the picture compared with total
time for wotion estimation of each macroblock in the
at least one outer region of the picture, and wherein
said setting of the target bits per macroblock for
each macroblock comprises providing x target bits per
macroblock for macroblocks within the center regidn
of the picture and y target bits per macroblock for
each macroblock located in the at least one outer
region of the picture, wherein x > Y.
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material, application or other criteria. The notion estimtion and target

. adfustnents are independent; howeve both concepts can be enpl oyed
_together to provi de a gr Ility to selectively optimze picture
“quality. present “tn can be includedin an article of

~manuf acture (e. g , \m\\ er program products) having, for

I nst ance, conputer .$ THe nmedi a has enbodi ed therein, for

i nst arice, conputer readdbl e program code neans for provi dijngygnd
facilitating the capabilities of the present invention. THe artkﬁfgéﬂs BEEN
manuf actured can be | ed
as part of the conputer systemor sold separately. The fl ow di agra
depicted herein are provided by way ofs.exanple. There nmay be variations to

these diagrans or the steps or operations described herein without
departing fromtheigqpj r At ddditdle videonehoodeF@ysteat foge, in certain cases

the steps may f ps may be added,
del eted or #O%Ji&?ngdgiég%&/éarrlgglﬁgn gﬂeraélg'nfégred to conprise part
of the pr esent“‘qmq-tqcbﬁ'a@%@dﬁgﬁ&ai nVEARC HRRAAGEI SYPEERE.

compr:. 8 1ng

means for partitioning the picture into at
least two regions; and

means for setting at least one encoding
parameter for each macroblock of the picture
based upon which region of said at least two
regions of the picture said macroblock is
located. '

15. The digital video encoder system of claim
14, wherein said at least two regions of said picture
comprises a center region of the picture and at least
one outer region of the picture disposed outside the
center region, and wherein said means for setting
comprises means for setting the at least one encoding
parameter for each macroblock of the picture so as to
enhance picture quality in the center region of tihe
picture compared with picture quality in the at least
one outer region of the picture.



Whi | e-the invention has been described in detail herein in accordance with
: certain preferred enbodi nents thereof, nmany nodif.ications and changes
_therein may be effected by those skilled in the art. Accordingly, it is

intended by the appended clainms to cover all such nodifications and changes
ras fall within the true rue spirit and scope of the invention.

W claim r processing a picture hgﬁs EET HAs g
plurality of nacr()‘k"m”ulmnmm ﬂmat hod conprising: 5 nyi:PLACE N

partitioning the pittUretin®o at +east two regions; and
setting a notion estimation paraneter for each nmacrobl ock of the picture
based upon which region of said at |least two regions of the picture
sai d nacrobl ock is | ocated. 2-35- The nethod of clai rﬁ'l, wherein
said setting further conprises setting a target 10 bits per macrobl ock for
each macrobl ock of 16he %B@t@#@-%é’édegdw agh syeg§ennobf clain at

| east two reguans whierblif §a£d Lt 1eaisd aﬁsrcﬂhiaclfeg&ohoeaﬁ@ﬁlises 3.
The net hod of :@1% oYi@S &% a’éakﬁ?&tém hog§ %8%“ ses a center
eas on €s

regi on and at one ou e Idn tion paraneter
conpri ses t ot dfulfiple; ﬁetﬁﬁrrmqnﬁnbsspgn%emwt;;l@c@ss;hngam t he
nacrobl ock, anskndedr @legisfn| darkd®ivlel@in said aigdnss Eorsebttigga hi gher total

time for noti QL |Slg%t hggngrffgzess[seiﬁggg ffﬁ‘%‘c ri% sQ__bloggken °‘§|‘ih‘-£t;[2ﬁ gfenter

regi on of the picture conpared on

each ' rrach?d‘Tad‘lﬁFeanfPﬁee%‘Fh Inagsrbdaek ook drhe djicsHrersu@e picture, and
wher eib In Sﬁl d sefdt pgctlirehguality u&rs@ehslgffan e Eaatep ﬁégllémrk ;aach

macr obl ock co LQyi rge oc or

macr obl ocks wit %agleén hgg?)e&élggr?glokf héfd%"{ g’ ggﬁ{:g?ar get bits per
macr obl ock forree%i‘tﬂ‘f‘sn'&@r GbPEEkPIP%HaPéd"- f EHét‘&%e |l east one outer region of
the picture, wherei n x>y. 4, The method of claim1, wherein’

said at least two rggi ogpe0f;§aLsh RAeL! LRBOEY: system of claim

15, wherein the at least one encoding parameter
comprises at least one of a motion estimation
parameter, a target bits per wmacroblock, and a
quantization value.

18. The digital video encoder system of claim
17, wherein said motion estimation parameter
comprises one of a. total time for motion estimation
processing, a motion estimation search type, a motion
estimation search area, or a number of motion er
estimation searches performed.



25 conprises a center region of the picture and at |east one outer region

-of the picture di sposed outside the center region, and said nethod
further coenprises setting the notion estimation parameter for each
“macrobl ock to enhance-pieture quatity in the center region of the

Ppi cture conpar ed y in the at | east one outer region of
the picture. Jﬂmn!ﬁﬂﬂn%“ od of claim4, wherein_said notion
estimation paranet total tinme for notion |E5tT i
processi ng of the macrobl ock, and wherein said setting
setting a higher total tine for notion estinmati on processi
macr obl ock in the center region of the picture conpared with tota
time for notion estimation procegsi ng of each macrobl ock™in the at

| east one outer region of the picture. 35 6.~ The net hod

of claim4, wherein9sai theodigittadsiidesdiecoder sy@emost esladwt i on search
type, notion qgti gR S I 0 uhe estinmation
searches for ot Onégg??ngng%%%rlggggsﬁé' df%ggngg o'g%l%ci and wherein
sai d seCOPRYLEBRPRI Eket Raramgter n%% & SASPB e PRERIRNE® St | nat i on
search type, mwatidofiirbt patamstiercospaigsinqresalotimenber wdtiey i on

estimation Seaptifacion PROLOMLER WFRLhO hacronloBROGRESHg of cach

macr obl ock in the center  reégion icture conpared h t hat of

each macr obl o&8PR Hérﬁ'E‘eF%‘és‘P“lﬂ’Fésbﬂge’T‘ taxgesn bdEs: BeY pi ct ur e. 7.
The net hod of welcaiobiléckyhandiwheamiia saidoneast ifoat sestpaganet er conpri ses
10 ot ON Celonakcal REAAE Nedy RRekTho DR Abes! TRk Qarngﬁf&f' ng of the

macr obl ock, and erel n sai onpri ses prOV| ul |

estimation seSSCHFRGLPEr PEICHSSARG 96 bR& Facroblock gudcEReer region of the
pi cture and ordaygesr biak petimacmtilionkt toneearcehipigtive gashity

macr obl ock in t 15 8.
The net hod of lté?g:l% cgﬁgﬁ%ﬁﬁ te&;tt hig%%b%ﬁleeg%upa %Ple%lf%trll of said

~
H

pi cture & 8§i OfRSt L1 Pé“tteﬁut"ég’-?’ég‘?%n encircling
said center r@@leo@lcandea second outer region encircling said first
outer region, said second outer’ region conprising a peri pheral region

of the picture, sai hod further conprises setting the. notion
esti frati on par anet %ID &hga%W% JHAseKeRE ‘5% s SEtﬁiéﬁP\ance picture
quality of thed20 furkbeshrouksising Wetipnsesoinaiionedioghccangpaaed with the

macr obi ocks i Rpddit i$86QNda9H! Rbtion esthiftHon kil APIBPERPI Cture quality

?L :Eg P??g?bgﬁﬁgf ' Ehﬁlme Eor mé%lon estgggtlon of eacﬂﬁth UL

macroblock provided by said means for setting, and
‘said quantizer employing said target bits per
macroblock provided by said means for setting.



9. The nethod of claim8, wherein said notion estinmation paraneter
=conprises a 25 total time for notion estimation processing of the

Aracrobl ock, and wherein said setting conprises setting a highest
total tine for notiom estimatiom processing of nacrobl ocks wi thin the
‘center region, an | time for notion esti namsq@{d%rr 1‘3’“'
of macr obl oc E:lm, Imj j m t outer region, and q | owegkpt A%’E%b 13
for notion esti rratl ng of macrobl ocks Wit

region. 30 A digital video encoder system for processing a

pi cture having a plurallty of. macr obl ocks, said digital video encoder
system conpri si ng: means for partitioning the picture into at
| east two regions; and 37- means for setting a notion
estimation paraneter for each macrobl ock of the pi cture-based upon

whi ch region of sakd.atal essgutiesw pregiran prdudte cpinptiEtngad d
macrobl ock i s dopeated: usabPe medium ha%]ﬁgdé&dpt& rvirg gapicoder system of

claim 10, wherein said potion estinmatio ?er conprises one of a
total tine foPrf?EFFF}n"%g‘F|W%ﬂ4%ﬁﬁ9r8&§s§?¥lg-‘sea 1H*DPF8ﬁ3531n9 éstimation
search type, @isturenhessinged ipllureddcghofinessrobloaksyinketd of notion

estimation o ﬁﬂé‘fhﬁéa@%fé’r;{d{%@rafneégde lfeans l;l;hgagagé&g%% Vé eo encoder

system of clai m &l n sai Jeast two regions aid picture
conprises a c@TCSFMeBrofuct FIPTHELRGie and at Ieast one outer regl on of
t he “ picture disposed outside the center region, and wherein said neans

for setting conprises comp ?:Eag?aé%les?ﬁ)g t&?dé“?&éa% ?8&' mat i on

parameter for each rracr 0 enhance picture
quality in the cenf’é}ls?‘@@%nc‘?ﬁp"t‘??é' ﬁPc?ﬁ?"ec"cé%‘f‘ﬁél’-EWW’P% of thg e 15
quality in the at péeturenintutalr leagtotwofrddiensi;ctnde. - 13. The
digital video encoder systemof claim12, V\/nerei n sai d at | east one outer
region conprises nultiple outer ions, each o region of said multiple
outer regions bei pb‘&ﬁfeﬁ??& 1% ©rognRy ‘E é‘f‘e"ﬁnégifGﬁ and wherein
sai d neans for set pianglngn@rcmwm toweafifedtorsesetingngft e hadgton

estimation para”Et%hef@ﬁc@éﬁﬁ?*ﬁﬁ¥éﬁ@t@§kfég éi&%.ﬁb%&gﬁfock of SUCh that

icture quality | essens he center_region thro each outer region of
gaid 4 y %% picture based on whlcg region o%g he at g

least two regions of the picture the macroblock
is located.

22. The computer readable program code means of
claim 21, wherein the at least two regions of the
picture comprises a center region of the picture and
at least one outer region of the picture, said at”
least one outer region being disposed outside the
center region, and wherein said computer readable
program code means for causing a COmputef to affect
the setting of the at least one encoding parameter
comprises computer readable program code means for

" causing a computer to affect setting of the at least
one encoding parameter for each macroblock to enhance
picture quality in the center region of the picture
compared with picture quality in the at least one
outer region of the picture.



mul tiple outer regions to a periphery of the picture. - 14. The
=z digital, video encodehw, wherein said notion estimation 25
_ paraneter conprises a total time for motion estimation processing of the
macr obl ock, and Mm ”Mﬂ for setting conprises neans for
setting the total ti mwmesti mati on processing of the
macrobl ock and a target bi‘t s pe'f nacrOobl ock to enharce— picture quality
in the center region of the picture conpared w th{pidf SHEEQEalSidneN h t he at

| east one outer region of the picture. 30 15 TREPLACEDt al vi deo

encoder systemof claim 14, further conprising notion estimari on

| ogi c and a quantizer, said notion g_gél mation | ogic enploying said total

tinme for notion estimtion of 'h macrobl ock provided by sai d neans

for. setting, and 93.0 mne cOMANY HeaBEBI YRSy Cdd¥ ebnl bt Per
_nacroblock prOV|de by sai d ans for. sett

- 32 - 21p {',‘Bﬁﬁﬁ{"érukﬁ'(?é’r&ﬁiaﬁf'oﬂﬁ t ‘b‘iﬂﬁ)‘r‘}gslﬂﬁaé‘e&ﬁﬁputer usabl e

medi um havi ng:omprisesnpumetiomash;tﬂmt[ipngpammmmds whiepednn for use in
processi ng a gl {4 HompidékNPgeddable ﬁdg&:ﬁh' E¥d€f méEts OEH:.OQ_J&%’si g d conputer

readabl e program code rreans |n sal rogram dct
conpri sing: 5 computer to,affect sreéa’dégpgfpfzhﬁr‘&?ﬁf °F‘0r causi ng a

conputer to eghdwameter comprlses cconpntelr trieedpble lpmgmmo cmidd east two
regions; and ea}r}s for causﬁﬂapé't&;négtﬂ%qalﬂbea@fg&aéﬁ&?ﬂ% el OF causing

a conputer to ect set g noti on esti ararreter for each
macr obl ock ofMYHkPhiqstimethqBeBRAMGH A FOT . eac?e‘@‘?‘b‘FP‘%’f""c’héwat | east two
regi ons of thenlmdepddtiherengaabbtwdcn ithel ceated. rdgion of Ithe The

conput er 1 eadahl @,y A, ead@ieﬁaa%gstig%mméu effidhd i at | east two

regions of th |cture rises r region o e picture and at
| east one. out tfast:ong é’(}‘itﬁﬁ SrItoR ?ﬁé’t}lﬁ'@ CEUrR- at Ieast one outer region

bei ng di sposed outside the center regi on, and wherein said conputer

readabl e brogr am opfle WA SohBhBRUSkARIA L PIBYLER doaeesldal setting of

t he notion estir’rg'&l on pararret [ Cconprises c dt er readabl e program
code nmeans fof sHputhe ¢ c%qu’&tp@é{“ﬂ‘ﬁﬁ CABPTARSDH R est i mati on
par amet er fortargetdaictts rnm:ruﬂalcuohlbdcer&mmepetnuselquwmp\ytem the center

region of therghghwie ma&%rne@ode meamg hfoty Qs*a%@neual tbiphfel NG at | east
one outer regi g? {hthe The ut er readabl e program
code nmeans of 2tfF&F %tt%[/)ﬂﬂer"& ﬁhgaFﬁr%% ks per mafzg BL®FE program code
nmeans for causPmprasesgrnmrtero rehflable qutagneg tedehmeansnporses

causing a computer to affect setting of the target

bits per macroblock for each macroblock to enhance

picture quality in the center region of the picture

compared with picture quality in the at least oneve

outer region of the picture.



conput er readabl e program code nmeans for causing a conputer to effect
=setting.a target bits per nacroblock for each macrobl ock to enhance
-picture quality in the cen the picture conpared with

. picture quality in e at Ieast ter region of the picture. 25
v109. The conput er M“ Hﬁode means of claim 17, wherein said
conput er readablg ans for causing a conputer to ect
setting further conpri $es® conput er readabl e prodrpaip ceeeT HRASBEHN
causing a conputer to effect setting of the not ijon esSkEFCGEDN

paranmeter and a target bits per macrobl ock for each rrecrobtock of the 30

pi cture based upon which region of the at least two regions of the picture
t he macr obl ock . is |located. -3 -

25. The computer readable program code means of
claim 22, wherein the at least one encoding parameter
comprises a motion estimation parameter and a target
bits per macroblock, and wherein said computer
readable program code means for causing a computer to
affect setting of the at least one encoding parameter
domprisés computer readable program code means for
causing a computer to affect setting of the motion
estimation parameter and the target bits per
macroblock for each macroblock of the picture based
upon which region of the at least two regions of the

---picture the macroblock is located.

26. The computer readable program code means of
claim 22, wherein the at least one encoding parameter
comprises a quantization value, and wherein said
computer readable program code means for causing a
computer to affect setting of the at least one
encoding parameter comprises computer readable
program code means for causing a computer to affect
setting of the quantization value for each macroblock
of the picture wherein macroblocks in the center of
the picture undergo less quantization than
macroblocks\in the at least one outer region of the
picture.



